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Abstract 


The  literature  pertinent  to  the  use  of  packaging  materials 
for  radiation  processed  foods  has  been  reviewed  and  tabulated. 
The  conclusions  drawn  from  these  data  have  been  applied  to 
the  probable  package  engineering  requirements  of  five  fishery 
and  five  fruit  products  under  investigation  by  the  AEG  for  shelf 
life  extension  by  radiation-pasteurization.  The  needed  research 
and  field  testing  program  is  outlined. 

A  bibliography  of  approximately  450  references  and  18  tables 
of  data  are  included. 
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Introduction 


The  present  study  was  undertaken  by  Continental  Can  Company 
to  assist  the  Division  of  Isotopes  Development,  United  States  Atomic 
Energy  Commission,  in  establishing  a  research  and  development 
program  based  upon  previous  work  conducted  on  the  effects  of  radiation, 
storage,  and  temperature  on  packaging  materials  and  on  packaging 
materials  in  contact  with  air,  food,  and  food  constituents.  The  intent 
of  this  study  is  to  organize  such  information  for  those  persons  interested 
in  selecting  packaging  materials  for  radiopasteurized  foods. 

Present  information  on  the  effects  of  radiation  on  packaging  materials 
at  doses  ranging  from  less  than  1  megarad  to  6  megarad  indicates  that  most 
food  packaging  materials  will  perform  in  a  "generally  satisfactory"  manner 
in  conjunction  with  radiation  pasteurized  foods.  Thus  if  a  packaging  material 
or  combination  of  materials  is  satisfactory,  particularly  for  an  unirradiated 
food,  it  will  probably  be  "generally  satisfactory"  for  the  same  irradiated  food. 

Although  most  materials  may  perform  in  a  "generally  satisfactory" 
manner  in  packaging  radiation  pasteurized  foods,  optimization  of  packaging 
materials  and  package  design  for  this  application  will  be  an  evolving  rather 
that  a  static  technology.  For  this  reason,  the  major  emphasis  of  this  study 
has  been  placed  upon  the  properties  of  packaging  materials  which  would  be 
used  under  conditions  appropriate  to  the  food  items  of  direct  interest  in  the 
field  of  radiation  preservation  of  foods.  Only  a  limited  amount  of  attention 
will  be  directed  in  this  report  to  specific  designs  of  packages.  It  is  our 
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opinion  that  the  principal  problem  areas  are  more  related  to  optimization 
of  packaging  materials  for  this  application  and  that  if  an  adequate  documen¬ 
tation  of  research  work  is  performed,  the  package  designer  will  have  data 
available  from  which  to  make  the  materials  selection  appropriate  to  the 
specific  food  commodity,  the  radiation  source  geometric  configurations, 
and  the  food  distribution  system. 

Part  I  of  our  study  provides  a  tabulation  of  experimental  information 
on  the  behavior  of  specific  packaging  materials  subjected  to  various  environ¬ 
ments  used  in  food  irradiation.  These  data  provide  the  basis  for  a  realistic 
and  practical  appraisal  of  the  need  for  future  experimental  work  on  packag¬ 
ing  materials. 

Part  II  discusses  the  relationship  of  the  radiation  pasteurization  process, 
package  design  parameters,  and  selected  marketing  factors  to  the  ten  specific 
food  items  under  immediate  consideration. 

Part  III  of  this  study  delineates  the  additional  needs  of  the  A  EC  program 
from  the  packaging  supplier's  viewpoint  with  the  objective  of  bringing  a 
marketable  food  item  in  a  suitable  package  to  the  consuming  public  in  the 
shortest  possible  time. 

Appendix 

A  topical  bibliography,  a  bibliography  arranged  by  author,  and  a  glossary 
of  terms  are  provided. 
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Summary 


This  report  is  a  compilation  of  a  literature  review  and  interviews 
with  specialists  in  the  field  on  the  behavior  of  packaging  materials  in 
food  irradiation  environments.  It  indicates  that  only  minor  changes  in 
mechanical  and  chemical  properties  occur  at  the  radiation  pasteurization 
dosage  level  (less  than  1  megarad) . 

Presently  known  engineering  techniques  can  probably  be  employed 
with  a  reasonable  degree  of  assurance  that  an  adequate  package  can  be 
provided  for  the  ten  selected  food  items. 

A  guide  to  the  applicability  of  food  package  types  for  the  selected 
fishery  products  (Table  12)  and  fruit  products(  Table  17  and  17  a.)  are 
provided  in  Part  II. 

The  following  information  was  not  available; 

1.  The  exact  package  designs  for  the  selected  food  items. 

2 .  Experimental  evaluation  of  the  potential  migration  of 
irradiated  packaging  materials  into  foods. 

3.  The  possibility  of  the  packaging  materials  rendering  the 
food  organoleptically  unacceptable, 

4.  The  extent  to  which  refrigeration  will  tend  to  minimize  the 
objectionable  aspects  of  items  2  and  3  above. 

Recommendations  for  acquiring  the  additional  information  necessary 
for  optimization  of  packages  for  radiation-pasteurized  foods  include  a 
packaging  material  research  program  and  a  cooperative  information 
program  to  include  food  package  manufacturers . 
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statement  of  the  Study  Objective 


The  object  of  this  study  is  to  assist  the  A  EC  in  bringing  radiation- 
pasteurization  of  ten  selected  foods  to  the  point  of  commercial  feasibility. 
These  foods  are  five  fishery  and  five  fruit  products  as  follows: 

Fish:  Haddock  fillets,  shucked  clams,  flounder  fillets, 

cooked  crab  and  cooked  shrimp. 

Fruits:  Fresh  strawberries,  peaches,  citrus  fruits, 

grapes,  and  tomatoes. 

Although  it  has  been  stated  by  many  research  workers  in  the  field 
that  radiation-pasteurization  of  foods  will  not  demand  excessive  research 
and  development  efforts  on  the  part  of  packaging  manufacturers  to  supply 
adequate  containers,  we  believe  that  a  number  of  investigations  and 
appraisals  will  be  necessary  prior  to  commercial  feasibility  of  this  new 
method  of  food  preservation.  This  study  was  coordinated  within 
Continental  Can  Company  by  the  Central  Research  &  Engineering  Division. 
The  Metal  Container  Division  Research  &  Development  Department,  the 
General  Packaging  Research  &  Development  Division,  and  the 
Hazel-Atlas  Research  &  Development  Department  assisted  in  appraising 
the  existing  information  on  radiation  effects  on  packaging  materials  and 


applying  this  information  to  the  package  engineering  requirements  of 
ten  selected  food  products. 

The  results  of  this  effort  is  the  outline  of  research  and  evaluation 
requirements  contained  in  Part  III  of  this  study. 
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PART  I 
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Fig.  1  Relative  Sensitivity  to  Radiation  of  Principal 
Materials  Used  In  Packaging. 


PART  I 


A.  EFFECTS  OF  RADIATION  ON  PRINCIPAL  MATERIALS  USED  IN 
FOOD  PACKAGING 

Our  objective  has  been  to  relate  the  literature  in  the  field  on  a 
material  basis  rather  than  a  container  or  design  basis.  The  major 
material  categories  permit  us  to  discuss  radiation  effects  in  a  more 
generalized  fashion  with  a  firmer  basis  for  extrapolation  of  known 
information  derived  from  intensive  experimental  and  theoretical  work 
of  the  past  twenty  years. 

In  considering  packaging  materials  for  food  items,  one  significant 
factor  is  the  extensive  utilization  of  organic  polymers  in  virtually  all 
package  designs.  In  addition,  of  all  materials  used  in  packaging  the 
effect  of  radiation  on  strength  and  organoleptic  factors  is  more 
pronounced  in  organic  polymers  and  cellules ic  materials,  and  thus  of 
greater  concern,  than  in  many  other  class  of  materials.  It  will  be 
noted  that  the  greatest  emphasis  has  been  placed  on  organic  polymers 
in  this  report. 

In  Figure  1  the  relative  sensitivities  of  the  principal  materials  to 
exposure  and  irradiation  environment  are  presented  as  a  guide  post  in 
considering  specific  materials  used  in  food  packaging. 

In  order  to  provide  a  background  of  information  for  evaluating  the 
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impact  of  irradiation  processing  on  specific  food  packaging  materials, 
a  brief  descriptive  review  of  radiation  effects  on  major  classes  of 
packaging  materials  is  presented  in  the  following  sections. 

1,  Cellulose 

Cellulose  as  a  natural  polymer  is  crystalline  and  of  high  molecular 
weight.  A  wide  variety  of  cellulose  derivatives  such  as  cellophane, 
rayon,  and  cellulose  acetate  is  available  as  packaging  material. 

Upon  exposure  to  high  doses  of  radiation,  celliiLose  and  its 
derivatives  suffer  chain  degradation  and  other  chemical  changes. 

These  lead  to  a  decrease  of  mechanical  strength,  an  increase  in 
solubility,  and  reduced  viscosity  of  solutions. 

Cellulose  is  one  of  the  least  stable  materials  when  irradiated  with 

ionizing  radiation.  (45,  81) 

2.  Glass 

Ionizing  radiation  produces  color-center  formation  in  most  types 
of  glass.  Irradiation  produces  free  electrons  in  the  glass  which  are 
either  returned  to  the  ions  from  which  they  came  or  are  captured 
elsewhere  at  various  trapping  centers  present  in  the  glass.  When  the 
free  electrons  are  trapped,  color-center  formation  occurs,  and  one  can 
readily  observe  the  brown  color  present  in  the  glass  structure.  In  most 
cases  heating  at  elevated  temperature  will  anneal  the  glass  and  the 
color-centers  will  fade,  allowing  the  glass  to  return  to  its  colorless  state. 
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Since,  in  most  cases,  the  displaced  electrons  migrate  back  and 
recombine  to  form  the  normal  state  of  an  ionic  compound,  the  effect 
of  ionizing  radiation  is  negligible  on  the  chemical  and  physical  properties 
of  the  material,  except  for  the  formation  of  color,  at  the  radiation  doses 
required  for  food  sterilization  or  food  pasteurization  by  irradiation. 

The  browning  of  glass  at  relatively  low  doses  of  radiation,  in  the 
region  of  radiation  pasteurization  doses  and  less ,  may  require  that 
additives  be  included  in  the  glass  melt  to  inhibit  the  formation  of  the 
brown  coloration,  (96,  299) 

3 .  Metals 

Radiation  damage  to  metals  may  be  divided  into  the  two  general 
groups,  the  effect  of  light  particle  irradiation  including  beta  particles, 
gamma  rays,  x-rays  and  high  energy  electrons,  and  the  effect  of 
radiation  with  heavy  particles  such  as  alphas,  neutrons  and  accelerated 
ions .  In  the  field  of  food  irradiation  only  light  particle  irradiation  is 
considered  of  practical  importance.  The  interaction  of  light  particles 
with  metals  is  almost  entirely  through  ionization  processes  since  these 
light  particles  have  insufficient  mass  to  transfer  appreciable  amounts 
of  energy  to  a  nucleus ,  In  metallic  bonding  the  outer  shells  of  atomic 
electrons  are  held  loosely  to  the  nucleus  and  are  free  to  migrate  from 
atom  to  atom.  Metal  lattices  of  positive  ions  are  surrounded  by  waves 
of  electrons.  The  great  mobility  of  the  electron  permits  the  dissipation 
of  the  energy  absorbed  by  the  metal  as  heat  from  the  incident  light 
particle  irradiation  which  produces  ionization  ,  with  negligible  damage 
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to  the  structure  of  the  metal  atom. 

In  the  region  of  interest  for  food  irradiation  with  the  proposed 
processes  the  heat  generated  in  the  metal  of  a  food  container  would  not 
be  significant  in  its  performance. 

Thus  the  effect  of  radiation  on  the  physical  and  mechanical 
properties  of  the  metal  is  of  negligible  significance  in  its  use  as  a 
material  for  food  containers  for  irradiated  food.  (56,  339) 

4.  Organic  Polymers 

The  studies  of  the  effects  of  electromagnetic  radiation  and  high 
energy  electrons  on  the  properties  of  organic  polymers  has  had  a 
rather  extensive  history.  However,  intensive  evaluation  of  the  effects 
of  ionizing  radiation  on  organic  polymers  has  been  performed  sub¬ 
sequent  to  World  War  II.  The  technical  literature  is  replete  with 
thousands  of  references  to  the  effects  of  ionizing  radiation  on  organic 
polymers  and  it  is  beyond  the  scope  of  this  survey  to  give  more  than 
a  descriptive  discussion  of  the  phenomena  involved. 

Polymeric  substances  when  exposed  to  gamma  or  beta  radiation 
form  free  radicals  in  the  solid  materials  resulting  in  cross-linking 
or  chain  scission  or  recombination.  At  the  same  time,  hydrogen  and 
other  chemical  species  may  be  formed  and,  where  irradiation  is 
conducted  in  the  presence  of  air,  oxidation  may  also  result.  The  net 
result  is  governed  by  the  predominant  reaction  which  is  dependent  upon 
the  chemical  structure  of  the  polymer,  stress,  and  environment. 
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The  changes  induced  by  large  doses  of  radiation  have  a  profound  effect 
on  polymeric  materials.  Cross-linking  produced  by  radiation  results 
in  an  increase  of  tensile  strength  and  flexural  strength,  and  a  decrease 
in  elongation,  crystallinity  and  solubility.  The  shortening  of  the  polymeric 
chain  through  scission  results  in  a  decrease  in  tensile  and  flexural  strength. 

Of  particular  importance  in  applying  polymeric  materials  to  packaging 
of  radiation  pasteurized  foods  is  the  influence  of  oxygen  in  the  over-all 
reaction  of  the  system.  The  presence  of  oxygen  in  all  cases  of  all  polymers 
is  not  well  understood  on  a  detailed  basis  and  it  is  very  probable  that  many  of 
the  polymers  which  show  a  preference  for  cross-linking  may  be  degraded  in 
molecular  weight  if  the  availability  of  oxygen  is  high.  (  45,  81,  369) 
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B.  BEHAVIOR  OF  PACKAGING  MATERIALS  IN  FOOD  IRRADIATION 
ENVIRONMENTS 

Introduction 

Although  intensive  effort  in  evaluating  radiation  effects  on 
materials  has  been  pursued  over  a  period  of  twenty  years,  the 
initiation  of  the  Quartermaster  Corps  Radiation  Preservation  of 
Foods  Program  in  1953  established  a  comprehensive  evaluation 
of  packaging  materials  and  packaging  configurations  for  radiation 
treated  foods.  The  results  of  that  effort  over  the  last  seven  to 
eight  years  forms  the  basis  of  this  study. 

Asa  result  of  that  extensive  program  a  number  of  review 
articles  have  appeared  during  the  course  of  the  last  five  years 
which  discuss  the  influence  of  radiation  preservation  of  foods  on 
packaging  materials.  (  115,  386,  387,  388) 

In  the  work  reported  in  the  aforementioned  reviews,  the 
emphasis  has  been  on  materials  which  would  receive  radiation 
sterilization  doses  up  to  6  megarads  since  the  primary  objective 
of  the  Quartermaster  program  was  on  food  sterilization  rather 
than  pasteurization  of  foods  by  irradiation  at  doses  of  less  than 
1  megarad.  In  addition,  of  considerable  importance  in  packaging 
technology,  was  the  emphasis  of  that  program  on  extended  shelf  life 
(one  to  two  years)  at  room  temperature.  Generally,  increased 
radiation  doses  lead  to  increased  modifications  or  changes  in  materials 
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and  increased  temperature  during  storage  will  enhance  the  possibility 
of  interaction  between  the  packaging  materials  and  the  contained  food. 

Therefore,  that  work  has  been  included  in  the  report  as  a  basis  for 
extrapolation  of  data  on  the  effects  of  radiation  on  packaging  materials 
at  radiopasteurization  dosage  levels. 

Mode  of  Presenting  the  Literature  Survey  Tabulation 

In  Part  I,  A.  ,  the  general  effects  of  radiation  on  the  principal  classes 
of  materials  used  in  packaging  were  considered  to  provide  a  basis  for 
detailed  evaluation  of  packaging  materials  used  in  a  food  irradiation 
environment.  In  succeeding  sections,  summary  tables  and  discussions 
are  presented  of  the  relative  change  in  significant  properties  of  specific 
packaging  materials  in  food  irradiation  environments .  The  materials  are 
arranged  by  normal  food  package  manufacturing  classifications  listed  below: 


1. 

Paper 

-Rigid  or  flexible,  with  sizes,  resins 
and  organic  coating  materials. 

2. 

Plastic 

-Rigid  or  flexible ,  alone  or  with  organic 
coatings . 

3. 

Metal 

-Rigid  or  flexible ,  alone  or  with  organic 
coatings . 

4. 

Laminates 

-Paper,  foil,  and  plastic . 

5. 

Glass 

6. 

Wood 

7. 

Adhesives  and 

waxes 

8. 

Colorants 
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Mode  of  Selection  of  Experimental  Data  Reported  in  the  Literature 


In  selecting  the  data  to  be  presented  in  the  literature  survey  tabulation, 
the  following  factors  were  considered: 

1 .  Type  of  "Contained"  Food  Environment 

The  importance  of  the  total  environment  of  the  packaging  material 
food  packaging  was  considered  by  the  Can  Manufacturers  Institute 
in  a  petition  to  the  Food  and  Drug  Administration  and  subsequently 
published  by  the  FDA  as  an  official  part  of  Food  Additives  Regulation 
121.2514,  "Resinous  and  Polymeric  Coatings  for  Paper  and  Paperboard." 

The  use  of  the  classification  method  of  food  and  food  constituents  as 
the  "contained"  foods  parameter  permits  the  grouping  of  the  results  of 


a  number  of  investigations  of  a  specific  packaging  material  into  a  data 

presentation  of  manageable  proportions.  Classes  include: 

I.  Non-acid, aqueous  product,  usually  containing  salt  or  sugar 

or  both  (pH  above  5.0). 

Examples:  Vegetables,  olives,  pancake  and  waffle  batters. 

II .  Acidic  ,  aqueous  products  ,  usually  containing  salt  or  sugar 
or  both  and  including  oil-in-water  emulsions  of  low  or  high 
fat  content. 

Examples:  Tomato  products,  fruits,  jams,  jellies,  pickles, 
fruit  juices,  fruit  ades  and  drinks,  mayonnaise  and  some 
salad  dressing. 

III.  Aqueous,  acid  or  non-acid,  products  containing  free  oil  or  fat 
usually  containing  salt,  and  including  water-in-oil  emulsions 
of  low  or  high  fat  content. 

Examples:  Meat  and  meat  products,  fish  and  marine  products, 
some  salad  dressings,  margarine. 

In  addition,  air,  sodium  chloride  solutions,  and  water  were  selected 

as  representative  model  food  environments  for  the  products  under 


consideration. 
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2.  Type  of  Experimental  Radiation  Effects  Data  -  Major  emphasis 


was  placed  on  experimental  work  performed  on  packaging  materials 
in  food  environments. 

3.  Radiation  Dose  -  In  addition  to  experimental  work  performed  at 
radiation-pasteurization  doses  (less  than  1  megarad),  work  was 
included  that  was  performed  on  packaging  materials  which  were 
investigated  at  the  radiation  sterilization  dose  (  3  to  6  megarad) 
since  it  represented  a  more  severe  requirement,  in  general,  than 
the  radiopasteurization  requirements  in  terms  of  radiation  dosage, 
shelf  life,  storage  period,  and  temperature. 

4.  Radiation  Sources  -  No  specific  effort  has  been  made  to  indicate 
the  source  of  radiation  since  any  effect  of  the  difference  between 
gamma  rays,  x-rays,  and  energetic  electrons  is  either  insignificant 
or  of  less  direct  importance  than  the  total  dose  absorbed. 

5.  Storage  Period  and  Temperature  -  Emphasis  was  placed  on  data 
evaluating  30  to  60  day  storage  periods  since  this  time  scale  more 
nearly  represents  the  general  region  of  interest  in  the  lengthening 

of  the  shelf  life  of  radiation -pasteurized  foods.  In  virtually  all  cases, 
refrigeration  temperatures  (32®P  to  45°F)  are  necessary  for  the  ten 
selected  food  items.  Very  little  definitive  work  has  been  performed 
at  that  temperature  range  with  packaging  materials  which  have  been 
subjected  to  radiation-sterilization  or  pasteurization  doses.  Experi¬ 
mental  work  performed  at  high  temperatures  is  included  since  it 
represented  a  conservative  evaluation  of  packaging  material  performance. 
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table  1 

RELATIVE  CHANGES  IN  SIGNIFICANT  PROPERTIES  OF  PAPER  PACKAGING  MATERIALS  {RIGID  &  FLEXIBLE,  WITH  RESINS  AND  ORGANIC  COATINGS  IN  FOOD  IRRADIATION  ENVIRONMENTS 


1.  Paper-Rigid  or  flexible,  alone  or  with  sizes,  resins  and  organic 
coatings 

The  experimental  studies  reviewed  in  this  survey  indicate  that 
no  significant  changes  in  mechanical  or  chemical  properties  of  paper 
packaging  materials  occur  as  a  result  of  irradiation  at  radiation- 
pasteurization  doses  in  the  presence  of  air  or  in  contact  with  food  if 
good  packaging  practice  is  used  in  selection  of  the  specific  paper 
type  for  the  food. 

Dyes  used  in  glassine  papers  may  tend  to  fade  slightly  at 
radiation  doses  less  than  1  megarad. 

Studies  on  model  food  systems  have  reported  off -flavor  develop¬ 
ment  as  a  result  of  irradiation  in  polymer -coated  papers;  the  nature 
and  extent  of  the  off -flavor  is  a  function  of  the  specific  polymer  used. 
However,  some  polymers  were  preferred  to  paper  in  scoring  flavor 
preferences  for  radiation-pasteurized  fruits  and  vegetables  packaged 
before  irradiation.  (  94,  117,  118,  201,  310,  316,  343,  437) 

See  Table  1. 
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CHANGES  IN  SIGNIFICANT  PROPERTIES  OP  PLASTIC  PACKAGING  MATERIALS  (  RIGID  &  FLEXIBLE), 
ALONE  OR  WITH  ORGANIC  COATINGS  IN  FOOD  IRRADIATION  ENVIRONMENTS 


AIR  I  WATER  NaCL  SOLUTION  TYPE  III  FOODS 


2 .  Plastic  -  Rigid  or  flexible,  alone  or  with  organic  coatings 


The  mechanical  and  chemical  properties  of  plastic  packaging 
materials  are  not  significantly  altered  in  the  presence  of  air  or 
in  contact  with  food  during  irradiation  at  1  megarad  or  less. 

In  surveying  the  literature  on  the  performance  of  plastic 
packaging  materials  for  radiation-pasteurized  foods,  the  possible 
influence  of  plastic  packaging  materials  on  the  organoleptic  accepta¬ 
bility  of  the  packaged  food  is  considered  as  the  only  significant 
functional  aspect  of  concern. 

In  selecting  a  specific  plastic  packaging  material  for  packaging 
a  specific  food  item,  established  package  engineering  practices  can 
be  followed  with  the  exception  that  off-flavor  and  off-odor  contributions 
from  irradiated  polymeric  materials  vary  markedly  from  one  polymer 
type  to  another.  In  addition,  considerable  variation  can  exist  within 
one  polymer  type  depending  upon  the  method  of  manufacture,  additives 
used,  percentage  of  virgin  material,  age  and  storage  environment. 

A  detailed  discussion  of  observations  and  measurements  of  off-odor 
and  off-flavor  is  included  in  Part  III  A5.  (38,  39,45,  115,  116,  117,  118, 

166,  197,  201,  206,  282,  286,  316,  338,  389,  395). 

See  Table  2 
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3 .  Metal  -  Rigid  or  flexible,  alone  or  with  organic  coatings 


The  structural  integrity  of  metals  used  in  food  containers  is 
unaltered  at  food  irradiation  doses.  The  performance  of  metal 
containers  for  irradiated  foods  is  concerned  with  the  possible 
deleterious  effects  of  the  combined  effects  of  irradiation,  food 
substances,  and  storage  on  the  coated  or  plain  metal  surfaces. 

A  limited  number  of  studies  of  coated  or  uncoated  metal 
containers  has  been  conducted  to  evaluate  the  performance  of  these 
types  of  food  packages  at  radiopasteurization  doses. 

Radiation-pasteurized  fruits  and  vegetables  packaged  in  rigid, 
vented,  unlined  tinplate  container,  generally  were  more  acceptable 
than  those  tinplate  containers  lined  with  either  aluminum  foil,  paper, 
or  plastic  films. 

The  results  of  studies  conducted  on  a  variety  of  food  products, 
which  were  radiation-sterilized,  indicate  that  rigid,  coated  metal 
containers  will  perform  satisfactory  at  radiation-pasteurization  doses 
for  those  food  products  requiring  a  sealed  container.  As  in  present 
rigid  metal  can  usage  for  conventionally  processed  foods,  proper 
selection  of  the  inside  enamel  or  coatings  plays  a  significant  role  in 
over-all  performance  of  the  can.  Again,  extrapolating  the  work 
performed  at  radiation-sterilization  doses  to  the  radiation-pasteurization 
dose  level,  presently  used  can  enamels  specified  for  similar  conventionally 
processed  foods  should  perform  satisfactory  for  radiation-pasteurized  foods. 
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In  the  case  of  radiation-pasteurized  foods  which  would  require  a 


solution  surrounding  the  food,  determination  of  the  proper  headspace 
volume  may  be  necessary  since  irradiation  will  evolve  gases  from  the 
solution  and  the  food. 

No  adverse  comments  on  the  possible  contribution  of  coated  or 
uncoated  metal  containers  to  the  organoleptic  acceptability  of  the  food 
were  found  in  the  survey.  It  has  been  reported  that  distilled  water 
irradiated  in  rigid,  uncoated  aluminum  cans  contained  a  white,  flaky 
substance  but  the  distilled  water  did  not  have  an  off-flavor.  However, 
no  model  system  studies  using  distilled  water  for  off -flavor  evaluation 
were  found  for  coated,  rigid,  metal  cans  as  were  performed  on  a 
variety  of  plastic  and  paper  films.  (39,173,278,  279,  281,  316,  340) 

See  Table  3. 
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RELATIVE  CHANGES  IN  SIGNIFICANT  PROPERTIES  OF  LAMINATES  -  PAPER,  FOIL,  AND  PLASTIC 
PACKAGING  MATERIALS  IN  FOOD  IRRADIATION  ENVIRONMENTS 


4  .  Laminates  -  Paper,  foil,  and  plastic 


Various  laminated  materials  may  be  used  when  packaging 
irradiated  foods.  A  typical  laminate  consists  of  a  plastic  film 
on  the  interior  side,  a  layer  of  thin  aluminum  foil,  and  an  exterior 
layer  of  paper  and/or  plastic  film.  The  purpose  of  the  interior 
plastic  film  is  to  provide  a  means  of  heat  sealing  and  to  protect 
the  aluminum  foil  from  chemical  attack.  The  aluminum  foil 
provides  the  required  moisture  and  oxygen  barrier.  The  paper 
provides  the  mechanical  strength  of  the  laminated  food  package. 

The  effect  that  high  dosages  of  radiation  might  have  on  laminates 
depends  upon  the  individual  components  and  the  adhesives  used  in 
bonding  the  various  plys. 

At  radiation -pasteurization  doses,  the  mechanical  and  chemical 
properties  of  laminates  are  not  severely  altered. 

Since  plastic  films  or  coatings  are  usually  present  as  one  or 
more  plies  of  the  laminate,  the  possible  introduction  of  an  organo¬ 
leptic  contribution  to  the  food  is  a  concern.  Part  III  reviews  this 
aspect  in  detail.  (  90, 117, 118,  201,  389) 

See  Table  4. 
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RELATIVE  CHANGES  IN  SIGNIFICANT  PROPERTIES  OF  GLASS  PACKAGING  MATERIALS  IN  FOOD  IRRADIATION  ENVIRONMENTS 


5. 


Glass 


Although  several  extensive  investigations  of  the  effects  of 
irradiation  on  many  types  of  glasses  have  been  performed,  very 
little  work  or  data  are  available  on  the  effects  of  irradiation  on 
glass  used  as  a  food  container. 

Studies  conducted  on  commercial  types  of  borosilicate ,  soda 
lime  (flint)  and  lead  glasses  showed  that  irradiation  with  2  Mev 
electrons  produced  no  important  effects  on  the  flexural  strength, 
chemical  durability,  density,  electrical  resistivity  or  heat  of 
solution  of  these  commercial  glasses.  Olive  brown  discoloration 
of  the  glass  was  noted  in  the  irradiation  specimens.  This  discoloration 
may  be  avoided  by  the  addition  of  cerium  to  the  glass  melt  but  is  a 
costly  method  for  the  present  time. 

Because  of  its  fragile  nature  and  weight  glass  does  not  readily 
lend  itself  to  the  packaging  requirements  for  military  feeding.  Con¬ 
sequently  the  Quartermaster  Corps,  which  has  reported  a  good  portion 
of  the  work  on  packaging  materials  for  irradiated  foods,  has  not 
sponsored  much  work  on  glass  containers. 

Although  absorption  of  gamma  irradiation  is  minimal  in  glass, 
irradiation  in  typical  plastic  or  metal  containers  is  slightly  more 
efficient.  In  the  case  of  gamma  irradiation,  glass  containers  would 
more  efficiently  utilize  the  radiant  energy.  However,  they  would  be 
less  efficient  than  typical  plastic  or  metal  containers.  (26,  29,  96,  231, 
386)  See  Table  5, 
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RELATIVE  CHANGES  IN  SIGNIFICANT  PROPERTIES  OF  WOOD  PACKAGING  MATERIALS  IN  FOOD  IRRA DIATION  ENVIRONMENTS 


6.  Wood 


This  survey  on  packaging  materials  has  not  found  any  work  in 
which  wood  has  served  either  as  a  primary  or  secondary  container 
for  irradiated  foods. 

However,  measurements  of  the  effects  of  radiation  on  basswood, 
ash,  beech,  and  pine  indicate  that  no  significant  changes  in  physical 
or  chemical  properties  occur  at  radiation-pasteurization  doses. 

It  is  anticipated  that  wood  as  a  packaging  material  will  pe  rform 
satisfactorily  for  radiation  pasteurized  foods  (  188,  204). 

See  Table  6. 
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RELATIVE  CHANGES  IN  SIGNIFICANT  CHARACTERISTICS  OF  ADHESIVES  AND  WAXES  IN  FOOD  IRRADIA  TI ON  ENVIRONMENTS 


7.  Adhesives  and  waxes 


Investigation  of  radiation  effects  on  waxes  used  in  conjunction 
with  other  packaging  materials  reported  no  significant  change  in 
properties  at  radiation  doses  of  less  than  1  megarad  in  the  presence 
of  air.  At  the  radiation  sterilization  level,  increased  viscosities 
were  noted  for  those  wax  blends  containing  polyethylene  and  butyl 
rubber.  Storage  of  irradiated  samples  for  periods  up  to  six  months 
did  not  alter  their  characteristics.  No  noticeable  odor  development 
in  the  waxes  was  found.  (343) 

See  Table  7. 
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RELATIVE  CHANGES  IN  SIGNIFICANT  PROPERTIES  OF  COLORANTS  USED  IN  PACKAGING  MATERIALS  IN  FOOD  IRRADIATION  ENVIRONMENTS 


8,  Colorants 


Packaging  colorants  include  inks  and  materials  incorporated 
either  in  the  body  or  in  surface  coatings  on  plastics,  paper,  etc. 

A  limited  amount  of  directly  applicable  experimental  work  on 
colorants  used  in  conjunction  with  packaging  was  found  in  this  survey. 

Most  commercial  grades  of  ink  used  for  printing  and  decorating 
of  packaging  grade  fibreboard  are  resistant  to  color  change  at 
radiation-pasteurization  and  sterilization  doses. 

A  variety  of  dyes  and  pigments  used  in  coloring  polyethylene 
(see  Table  8)  show  no  color  change  at  radiation  doses  as  high  as 
15  megarad. 

a.  Inorganic  Pigments  -  Natural  or  Manufactured 

Generally  these  have  good  light  and  heat  resistance.  With  the 
possible  exception  of  carbon  and  other  surface  active  materials  one 
would  not  expect  that  low  radiation-pasteurization  doses  would  produce 
chemical  or  color  changes  in  them  or  that  they  would,  in  turn,  adversely 
affect  a  polymer. 

Irradiated  metal  finishes  (pigmented  melamine  non-oxidizing 
alkyd)  at  7.5  megarad  and  higher  doses  exhibit  greater  hardness  and 
specular  gloss.  Color  changes  are  noted  in  a  few  formulations.  At 
radiation-pasteurization  doses,  it  is  unlikely  that  significant  changes 
in  these  finishes  would  be  found. 
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b.  Organic  Dyes 

There  are  reputedly  over  10,  000  organic  dyes,  practically  all 
of  which  are  affected  to  some  extent  by  light,  heat  and  probably  by 
radiation.  When  incorporated  in  polymers  it  is  unlikely  that  either 
the  dye  or  the  polymer  will  be  adversely  affected  by  the  presence 
of  the  other  insofar  as  their  response  to  radiation  is  concerned. 

This  statement  has  not,  however,  been  verified  experimentally. 

Dyes  used  in  glassine  papers  are  markedly  changed  in  color 
at  radiation-sterilization  doses.  In  the  radiation-pasteurization  dose 
region,  however,  it  is  likely  that  color  changes  are  of  borderline 
significance. 

Blue  cellophane,  incorporating  an  azo  dye,  is  used  in  radiation 

5  7 

dosage  measurements  from  10  to  10  rad.  The  change  in  transmittance 
is  measured  at  6550A.  With  a  radiation  dose  of  1  megarad,  the  change 
in  transmittance  is  approximately  1-1/2%,  and  at  half  a  megarad  is  less 
than  1%.  Thus,  it  is  reasonable  to  assume  that  many  azo  dyes  will 
perform  satisfactory  in  packaging  materials. 

c.  Lake  Pigments  (Dyes  Precipitated  onto  Aluminum  Hydrate) 

Lake  pigments  are  somewhat  more  stable  than  organic  dyes  to 
heat,  light,  and  radiation  when  used  in  inks  and  in  polymer  films  or 
coatings.  Polymers  may  be  less  affected  by  radiation  due  to  the 
presence  of  these  lake  pigments  because  each  colored  and  somewhat 
opaque  aluminum  hydrate  particle  protects  the  underlying  polymer 
and  the  pigment  particles  to  some  extent. 
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d.  Blends  of  Natural  or  Manufactured  Inorganic  Pigments  and  Lake  Pigments 


It  is  reasonable  to  expect  that  the  protective  action  of  lake  pigments 
observed  in  (c)  above  will  be  further  enhanced  by  the  more  opaque 
inorganic  pigments.  It  seems  unlikely  that  there  is  a  destructive 
interaction  between  inorganic  and  lake  pigments  or  a  polymer  breakdown 
because  of  their  inclusion.  This  statement  has  not,  however,  been 
verified  experimentally. 
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PART  II 


(Fresh  Whole)  35-42  4-5 

(Fresh  Headless)  35-42  12-15 

(Refrig.  Cooked)  35-42  10 


PART  II 


A. 


PRESENT  PRACTICES  IN  THE  PACKAGING  OF  THE  SELECTED 
REFRIGERATED  FISHERY  PRODUCTS 

Fishery  products  are  among  the  most  perishable  of  foods. 

It  is  necessary,  therefore,  to  process  and  refrigerate  them 
immediately  to  retain  their  fresh  quality.  This  consideration 
largely  determines  present  packaging  and  distribution  practices. 
Table  9  gives  the  storage  life  of  fishery  products  held  at 
refrigerated  temperatures. 

The  major  causes  of  spoilage  are: 

(a)  Psychrophilic  bacteria 

(b)  Chemical  reactions  such  as  oxidation  which 
result  in  off -flavors 

(c)  Enzymatic  reactions  which  cause  discoloration 
and  off -flavors 

(d)  Improper  storage  temperature  and  humidity 

(e)  Improper  packaging 

Bacterial  growth  and  improper  storage  are  the  most  important. 
A  recent  U.  S.  Department  of  the  Interior  survey  of  the  New 
England  fish  industry  showed  that  the  average  housewife  buys 
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fish  in  the  following  forms: 


Fresh 

39% 

Canned 

25 

Frozen  uncooked 

24 

Frozen  precooked 

12 

The  survey  also  showed  that:  (a)  shellfish  are  preferred  to 
fillets,  (b)  flounder  is  the  preferred  fillet,  (c)  fillets  are 
preferred  because  of  ease  of  preparation,  (d)  smaller  portion 
packages  (1/2  pound)  are  desired,  (e)  a  sauce  should  be 
included  with  the  package,  (f)  a  variety  fish  plate  package 
including  shrimp,  scallops  and  fish  sticks  is  desired,  (g)  the 
product  flavor  should  be  improved,  (h)  preparation  methods 
should  assure  removal  of  all  bones. 

There  are  five  major  requirements  for  the  optimum  storage 
of  fresh,  refrigerated  fishery  products:  (a)  the  temperature 
should  be  just  above  freezing  to  minimize  bacterial  and 
enzymatic  activity,  (b)  the  relative  humidity  should  be  high  to 
prevent  product  dessication,  (c)  the  atmosphere  should  be 
free  of  volatile  compounds  to  prevent  off-flavors,  (d)  mini¬ 
mization  of  bacterial  contamination  during  processing  and 
packaging,  and  (e)  there  must  be  proper  packaging  to  maintain 
initial  high  quality. 

All  domestic  and  imported  fresh  fishery  products  are 
subjected  to  some  form  of  packaging  during  distribution  and 
marketing.  Packaging  plays  an  important  role  in  providing 
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protection  from  physical  damage.  Quality  standardization  is 
needed  for  efficient  production  and  marketing. 

Heat-sealed  plastic  film  pouches  offer  promise  as  attractive 
moisture-proof  packages  for  fishery  products.  Evacuation  of 
air  from  the  pouches  prior  to  sealing  may  promote  the  growth 
of  anaerobic  bacteria  unless  the  product  is  of  high  initial  quality 
and  properly  refrigerated  during  storage. 

Spoilage,  handling  and  type  of  package  are  important 
considerations  in  the  packaging  of  refrigerated  fishery  products. 

A  low  temperature  is  the  most  important  single  factor  in  retard¬ 
ing  spoilage.  A  temperature  of  32°F  is  required  to  maintain 
fresh  fish  of  acceptable  quality  for  as  long  as  nine  days  from  the 
time  they  are  caught.  The  best  method  of  insuring  a  low  uniform 
temperature  is  to  keep  the  fish  well  packed  with  liberal  amounts 
of  ice. 

Next  in  importance  to  storage  temperature  is  packaging.  The 
proper  package  may  extend  the  storage  life  by  one  or  more  days 
and  may  mean  the  difference  between  profit  and  loss.  A  new 
package,  whether,  100,  20  or  1  pound  in  size,  should  be  evaluated 
for:  (a)  quality  maintenance,  (b)  efficient  handling,  (c)  appearance, 
and  (d)  cost. 
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1.  Clams  Processing  and  Packaging 


Four  species  of  clams  are  taken  commercially  on  the 
Atlantic  Coast.  These  are  the  soft  shell  clam,  the  hard  shell 
clam,  the  ocean  quahog  and  the  surf  clam.  The  hard  shell 
clam  is  the  most  important  variety  on  the  West  Coast. 

Clams  are  brought  ashore  in  the  shell  and  are  washed  and 
graded  into  various  sizes.  The  smallest  legal  size  hard  shell 
clam  is  called  the  little  neck.  Clams  slightly  larger  than  the 
little  neck  are  called  cherrystones.  Larger  clams  are 
classed  as  medium  and  are  used  in  canning.  Hard  shell  clams 
are  shipped  in  barrels  and  bags.  Soft  shelled  clams  are 
generally  shipped  in  bushel  baskets. 

Clams  are  opened  by  inserting  a  knife  between  the  two 
shells  and  the  meat  is  then  cut  loose  from  between  the  shells. 

The  washed  clam  meats  are  allowed  to  drain,  are  packed  in 
gallon-size  friction  top  metal  cans  and  shipped  to  wholesalers 
in  wooden  boxes  packed  with  finely  crushed  ice. 

2.  Crabmeat  -  Processing  and  Packaging 

There  are  several  species  of  crabs  caught  commercially 
in  this  country.  The  blue  crab  is  the  most  important.  It  is 
caught  on  the  Atlantic  Coast  from  Massachusetts  to  Texas.  It 
is  most  abundant  in  the  Chesapeake  Bay  area  and  certain  parts 
of  the  Gulf  Coast.  The  next  most  important  crab  is  the  Dungeness 


-  41  - 


which  is  found  along  the  West  Coast.  Alaska  King  Crab  is 
found  in  the  Bering  Sea  and  the  coastal  waters  of  the  Alaska 
Peninsula.  Blue  Crabs  are  marketed:  (1)  live  (hard  shelled), 

(2)  cooked  crabmeat,  and  (3)  soft-shelled. 

The  meat  of  the  Blue  Crab  is  prepared  by  cooking  in 
steam  or  boiling  water  and  then  removing  the  meat  from  the 
shell  by  hand.  Claw  meat  which  is  darker  in  color  is  kept 
separate  from  the  light  colored  body  meat.  During  picking, 
the  body  meat  is  separated  into  grades  as  white  flake,  back 
fin  lump,  and  mixed.  These  grades  signify  to  a  degree  the 
size  of  the  pieces  of  meat  within  a  particular  grade.  The 
various  grades  of  meat  are  generally  packed  in  one -pound  tin 
cans.  The  cans  are  packed  in  barrels  with  crushed  ice  when 
ready  for  shipment.  Frozen  crabmeat  rapidly  becomes  spongy 
and  fibrous  in  texture  and  loses  flavor  during  storage. 

The  method  of  catching  and  preparing  Dungeness  Crab  is 
similar  to  that  used  by  the  North  Atlantic  lobster  fishery. 
Dungeness  crabmeat  is  packed  in  waxed  fibreboard  cartons  and 
metal  cans  of  1/2,  1  and  5  pound  capacity.  The  five  pound  can 
is  the  most  important  commercially.  Small  quantities  of 
Dungeness  crabmeat  are  frozen  but  loss  of  texture  and  flavor 
limit  the  storage  life  to  a  relatively  short  period. 
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King  Crabs  are  caught  in  tangle  nets,  otter  trawl  and  large 
pots.  King  Crabs  are  butchered  ,  cooked  in  boiling  water  for 
fifteen  minutes,  and  quickly  cooled  in  cold  water.  The  picked  meat 
is  washed  in  a  weak  brine  with  rapid  agitation  to  remove  adhering 
material.  King  crabmeat  is  more  suitable  for  freezing  than  the 
meat  of  other  crab  species.  To  minimize  loss  of  texture  and 
discoloration,  the  cooked  crabmeat  is  generally  packaged  tightly 
in  a  moisture  vapor-proof  container. 

3.  Haddock  and  Flounder  -  Processing  and  Packaging 

East  Coast  haddock  and  flounder  are  eviscerated  or  gutted 
at  sea  before  being  iced.  When  taken  off  the  Pacific  Coast  these 
fish  are  iced  in  the  round. 

A  fillet  is  a  piece  of  boneless  flesh  cut  away  from  the  side 
of  the  fish  along  the  backbone  behind  the  pectoral  fin  to  the  tail 
section.  Fresh  fillets  are  generally  marketed  in  one  of  three 
ways;  (a)  the  skin  of  boneless  flesh  is  left  on,  (b)  the  skin  is 
removed,  or  (c)  the  fillets  are  left  adhering  together  (butterfly) 
by  the  uncut  skin  of  the  belly. 

Iced  fillets  may  be  wrapped  in  parchment  paper  or  cellophane 
and  then  packed  in  twenty-pound  slip  covered  metal  cans.  Five  to 
twenty-pound  waxed  chipboard  or  fibreboard  cartons  with  telescoping 
covers  are  also  used.  The  fillets  are  rapidly  cooled  to  30°F  by 
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placing  the  containers  in  an  air  blast  at  0°F.  To  maintain  fish 
fillets  at  32°  F  during  shipment  the  containers  are  packed  in 
crushed  ice  in  large  wooden  boxes. 

A  small  volume  of  fresh  fish  fillets  is  prepackaged  at  the 
retail  market  for  sale  in  consumer-size  units.  The  usual 
procedure  is  to  pack  them  in  a  lightly-waxed  cardboard  tray 
and  overwrap  with  cellophane,  polyethylene  or  similar  plastic 
film  material.  Recently  some  fillets  and  shellfish  have  been 
prepackaged  in  a  polyester-polyethylene  type  pouch. 

Plastic-coated,  waxed-impregnated,  moisture-resistant 
corrugated  boxes  have  been  developed  for  shipping  fifty-pound 
lots  of  iced  fillets,  round  or  eviscerated  fish.  These  fibre 
boxes  are  intended  for  single-use  shipments.  The  corrugated 
fibre  shipping  box  provides  insulation  and  helps  to  reduce  ice 
melting.  Plastic  boxes  have  also  been  tried  as  a  replacement 
for  the  usual  wood  box.  These  containers  are  light,  rugged  and 
easy  to  clean.  The  primary  requirement  of  the  bulk  package  is 
to  provide  a  satisfactory  container  for  the  wet  refrigerated  fishery 
products  where  the  container  must  be  durable,  moisture  resistant, 
resistant  to  fish  odors  and  inexpensive  to  permit  discarding  after 
a  single  use.  It  must  also  have  insulating  qualities,  compactness, 
and  be  easy  to  handle.  Some  fibreboard  containers  absorb  up  to 
50%  moisture  and  may  loose  up  to  75%  of  their  original  strength. 
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4.  Shrimp  -  Processing  and  Packaging 


Methods  of  preparing  shrimp  vary  in  different  areas.  Most 
of  the  Alaskan  shrimp  are  marketed  in  the  frozen,  cooked  form, 
whereas  the  bulk  of  South  Atlantic  and  Gulf  shrimp  are  not  cooked 
prior  to  marketing.  The  raw  Gulf  shrimp  are  beheaded,  washed 
and  inspected  for  defects,  graded  according  to  size  and  iced  for 
distribution  as  fresh  shrimp  or  packed  for  freezing.  A  small 
quantity  of  shrimp  is  peeled,  deveined  and  then  frozen.  Size 
grading,  peeling  and  deveining  operations  are  done  by  machinery. 
Several  sizes  of  cartons  are  used  for  packaging  frozen  shrimp. 

The  8,  10  and  12-ounce  consumer  size  waxed  cartons  with  overwrap 
and  the  one -pound  tray  type  carton  with  overwrap  are  used.  The 
larger  bulk  size  cartons  used  are  of  2-1/2,  5  or  10-lb  capacity. 
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B.  EXPERIMENTAL  RADIATION  PASTEURIZATION  DATA  FOR 
SELECTED  REFRIGERATED  FISHERY  PRODUCTS 
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B.  EXPERIMENTAL  RADIATION  PASTEURIZATION  DATA  FOR 
SELECTED  REFRIGERATED  FISHERY  PRODUCTS 

Marketing  of  fresh  fishery  products  is  a  complex  problem 
because  many  centers  of  consumption  are  located  long  distances 
from  the  production  areas.  Retention  of  product  quality  during 
processing,  transit  and  distribution  is  an  important  economic 
factor. 

A  major  interest  of  this  survey  is  the  combined  process  of 
radiation-pasteurization,  packaging,  and  refrigerated  storage  to 
produce  the  maximum  storage  life  of  high  quality  fresh  fishery 
products.  Radiation  processing  techniques  under  development 
offer  economical  advantages  meriting  the  additional  expense 
required  to  commercialize  a  packaged,  radiation -pasteurized 
fishery  product.  (  see  Table  10) 

The  potential  annual  market  value  is  estimated  at  several 
hundred  million  dollars.  Savings  are  possible  through  decreased: 

(a)  product  spoilage,  (b)  transportation  costs,  (c)  storage  costs,  and 
(d)  marketing  costs. 

Irradiation  effects  on  fishery  products  have  been  studied  using 
various  sources  of  electron  and  gamma  radiation.  Electron  sources 
used  include  the  Van  de  Graaff  electron  accelerator,  resonant  trans¬ 
former,  and  linear  electron  accelerator,  while  the  gamma  sources 
most  employed  have  been  radioactive  cobalt-60  and  spent  fuel  elements. 
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Most  studies  on  the  radiation  preservation  of  fishery  products 
have  used  high  doses.  Products  receiving  a  dose  of  over  three  million 
rads  are  generally  bacteriologically  sterile.  Certain  pathogenic 
organisms  are  resistant  to  approximately  four  million  rads,  and 
destruction  of  enzymes  requires  a  dose  in  excess  of  four  million  rads. 

Relatively  few  studies  have  been  carried  out  on  the  pasteurization 
of  fishery  products  using  radiation  dose  ranges  between  100,  000  and 
500,  000  rads;  the  data  are  sufficient,  however,  to  indicate  the  general 
process  and  results  that  can  be  expected. 

Radiation-pasteurization  may  be  considered  similar  to  the  well- 
known  milk  pasteurization  treatment  in  that  the  number  of  spoilage 
organisms  is  decreased  and  the  storage  life  is  increased.  Extension  of 
storage  life,  however,  is  negligible,  unless  the  product  is  properly 
refrigerated.  At  the  low  dosage  levels  employed  only  minimum  chemical 
and  physical  changes  occur,  and  objectionable  flavor,  texture  and  color 
changes  are  generally  small  and  insignificant.  There  is  some  bleaching 
of  pigment  in  shrimp.  Irradiation  odors  have  been  reported  and  are 
variable.  Fatty  fish  such  as  mackerel  and  herring  do  not  withstand 
pasteurization  doses  of  irradiation,  but  low-fat  fish  such  as  haddock 
and  flounder  produce  an  acceptable  product.  Fresh  fillets  of  some  species 
may  show  changes  in  texture  during  storage  due  to  enzymatic  action,  but 
this  should  not  be  a  problem  at  recommended  low  storage  temperatures. 

Several  methods  of  minimizing  chemical  and  physical  changes  of 
the  product  during  irradiation  may  be  used,  and  at  the  pasteurization  level 
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they  may  be  useful  in  further  reducing  the  radiation  dosage  required. 
These  methods  are:  (a)  irradiation  in  vacuum  to  minimize  reactions 
with  oxygen  and  (b)  irradiation  in  the  presence  of  acceptors  to  form 
harmless  compounds. 

Three  major  problems  must  be  faced  prior  to  the  marketing  of 
radiation -pasteurized  fishery  products  in  commercial  diannels: 

(a)  Food  and  Drug  Administration  approval,  (b)  installation  of  proper 
equipment,  and  (c)  consumer  acceptance. 

Radiation -pasteurization  processing  is  considered  a  satisfactory 
technique  for  extending  the  shelf  life  of  fresh  fishery  products  when 
used  in  conjunction  with  proper  packaging,  refrigeration  and  marketing 
after  irradiation.  The  use  of  radiation  for  this  purpose,  however, 
remains  an  experimental  technique  until  it  is  proven  safe,  feasible  and 
economical.  Further  studies  on  bacterial  radio-sensitivity,  flavor 
threshold  levels  and  packaging  requirements  are  required  prior  to 
commercial  exploitation. 
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ESTIMATED  RADIATION  PASTEURIZATION  PROCESSING  OF  SELECTED  REFRIGERATED  FISHERY  PRODUCTS 


C.  ESTIMATED  RADIATION  PROCESSING  OF  SELECTED  REFRIGERATED 
FISHERY  PRODUCTS 

Radiation  Dose  and  Storage  Temperature 

Table  11  indicates  the  probable  radiation  dose  that  may  be 
used  for  pasteurizing  fishery  products  and  the  probable  refrigerated 
storage  life  after  radiation  without  product  injury  and  with  inhibition 
of  bacterial  spoilage. 

o 

Maintaining  the  storage  temperature  as  near  to  33  F  as  possible 
during  the  entire  processing  and  distribution  cycle  plays  a  significant 
role  in  the  acceptability  of  the  fishery  products. 

Short  summaries  of  the  radiation  requirements  follow: 

1 .  Clams  (shucked) 

Irradiation  of  clams  in  a  range  between  230,000  and  1,400,000 
rads  prevented  bacterial  spoilage  without  product  deterioration 
for  119  days  at  35°F.  Doses  required  for  complete  destruction 
of  spoilage  bacteria  resulted  in  loss  of  product  flavor  and  texture. 

A  450,000  rad  dosage  is  considered  optimum  for  bacterial  control, 
minimum  radiation  injury,  acceptability,  and  shelf  life  extension. 

(  31,356,  450) 

2 .  Crabmeat  (cooked) 

Irradiation  of  crabmeat  in  a  range  between  250,000  and 
750,000  rads  prevented  bacterial  spoilage  without  product 
deterioration  for  60  days  at  35°F.  The  controls  showed  bacterial 
spoilage  after  four  days  at  35°F,  Doses  required  to  destroy 
spoilage  bacteria  completely  resulted  in  bitter  flavor. 
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and  stringy  texture.  A  400,  000  rad  dosage  is  considered  optimum 
for  bacterial  control  and  minimum  radiation  injury.  (31,207,235) 

3.  Flounder  (fillets) 

Irradiation  of  flounder  fillets  in  a  range  between  250,  000  and 
750,  000  rads  prevented  bacterial  spoilage  without  product  deteri¬ 
oration  for  30  days  at  35°F.  The  controls  showed  bacterial 
spoilage  after  four  days  at  35°F.  Doses  required  to  destroy  the 
spoilage  bacteria  resulted  in  off-odors.  A  500,  000  rad  dosage  is 
considered  optimum  for  bacterial  control  and  minimum  radiation 
injury.  (Ill,  207,  235,  336) 

4.  Haddock  (fillets) 

Irradiation  of  haddock  fillets  in  the  range  between  400,  000  and 
1,  000,  000  rads  prevented  bacterial  spoilage  without  product  injury 
for  42  days  at  35°F.  The  controls  showed  bacterial  spoilage  after 
ten  days  at  38°F.  Doses  required  to  destroy  the  spoilage  bacteria 
completely  resulted  in  loss  of  product  flavor  and  texture.  A 
250,  000  rad  dosage  is  considered  optimum  for  bacterial  control 
and  minimum  radiation  injury.  (31,  235,  255,  287,  336,  450) 

5.  Shrimp  (  cooked) 

Irradiation  of  shrimp  in  a  range  between  100,  000  and  500,  000 
rads  prevented  bacterial  spoilage  without  product  injury  for  19  days 
at  35°F.  The  controls  showed  bacterial  spoilage  after  four  days  at 
35°F.  Doses  required  to  destroy  spoilage  bacteria  completely 
resulted  in  loss  of  product  flavor  and  color.  A  250,  000  rad  dosage 
is  considered  optimum  for  bacterial  control  and  minimum  radiation 
injury.  (31,  52,  207,  235)  _  52  - 


D.  A  GUIDE  TO  THE  APPLICABILITY  OF  FOOD  PACKAGE  TYPES  TO 
THE  SELECTED  RADIATION  PASTEURIZED  FISHERY  PRODUCTS 


CLAMS( shucked);  CRABMEAT(cooked);  SHRIMP(cooked)  FLOUNDER{fillets);  HADDOCK (fUlets) 
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D.  A  GUIDE  TO  THE  APPLICABILITY  OF  FOOD  PACKAGE  TYPES  TO 
THE  SELECTED  RADIATION  PASTEURIZED  FISHERY  PRODUCTS 


In  Table  12,  the  container  requirements  are  compared  with 
package  types  which  have  achieved  high  volume  usage  in  packaging 
foods  similar  in  packaging  requirements  to  the  food  products 
selected  for  study  in  the  AEG  program.  The  estimates  of  performance 
for  the  package  types  reflect  the  information  reviewed  in  Part  U  the 
previous  sections  of  Part  II,  and  the  past  experience  of  Continental 
Can  Company  in  furnishing  packages  to  the  food  processing  industry. 

In  most  package  type  categories  a  variety  of  specific  materials  are 
available  which  will  likely  perform  adequately. 

Definitive  material  costs  and  non-technical  aspects  of  food 
packaging  are  not  within  the  scope  of  this  study. 

Some  new  packaging  concepts  may  be  required  to  package 
refrigerated,  radiation -pasteurized  fishery  products.  It  appears 
that  the  packaging  employed  will  be  similar  to  types  presently  used. 

The  characteristics  of  a  satisfactory  package  for  refrigerated 
radio-pasteurized  fishery  products  are: 

(1)  low  oxygen  transmission. 

(2)  grease-proofness. 

(3)  good  thermal  conductivity. 

(4)  minimization  of  off -flavor,  off-odor,  and  color  loss  from 
the  package. 
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(5)  impermeability  to  moisture. 

(6)  unaffected  by  ice  and  salt  water. 

(7)  ability  to  withstand  refrigerated  temperatures. 

(8)  resistance  to  rough  handling. 

(9)  good  vacuum  retention. 

(10)  leakproof  construction. 

(11)  easy  filling  and  sealing. 

(12)  a  design  that  permits  efficient  irradiation. 

The  following  general  classes  of  packages  are  envisioned  for 
radiation-pasteurized  fishery  products. 

(1)  Large  rigid  packages  sealed  for  bulk  end  use. 

(2)  Small  rigid  packages  sealed  for  consumer  end  use. 

(3)  Semi-rigid  packages  sealed  and/or  overwrapped  for 
consumer  end  use. 

(4)  Flexible  packages  for  consumer  end  use. 

Three  sizes  of  packages  are  envisioned  for  radiation -pasteurized 
fishery  products.  These  are; 

(1)  A  10  to  16  ounce  consumer  size  package. 

(2)  A  5  to  10  pound  institutional  or  bulk  style  package. 

(3)  A  10,  20,  30,  or  50  pound  large  rigid  package  for  bulk  use. 

At  pasteurization  doses  of  500,  000  rads  or  less  the  changes  in  the 

physical  and  chemical  properties  of  the  packaging  materials  are  very 
slight.  Gaseous  products  may  be  released  from  some  materials  and 
contribute  to  off -flavors  and  odors.  Proper  selection  and  modification 
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of  packaging  materials  can  minimize  this  problem. 

The  major  problem  of  vacuum  packaged  refrigerated  radiation- 
pasteurized  fishery  products  is  one  of  possible  anaerobic  bacterial 
spoilage  when  low  oxygen  contents  are  required.  Proper  sanitation, 
refrigeration  and  high  initial  quality  of  fish  must  be  maintained  to 
avoid  anaerobic  spoilage.  Plastic  film  structures  can  be  fabricated 
into  packages,  or  metal  containers  used,  to  maintain  a  low  oxygen 
atmosphere.  Packages  also  must  permit  storage  of  the  fishery 
products  for  several  weeks  at  refrigerated  temperatures  and  possibly 
in  salted  ice  water,  followed  by  extended  transport,  before  marketing. 

Investigation  of  bacterial  penetration  in  flexible  packaging  materials 
showed  that  no  penetration  was  found  in  plain  flat  plastic  sheets  or  heat 
sealed  bags  with  gauges  of  0 . 5  mil  or  more.  Plain  aluminum  foils 
showed  varying  degrees  of  penetration.  Creasing  of  plastic  films 
increased  the  chance  of  bacterial  penetration,  but  heating  or  irradiation 
did  not . 

Flexible  containers  must  be  capable  of  resisting  the  rough  handling 
encountered  in  shipment.  The  ability  of  this  type  package  to  resist  abuse 
depends  upon  the  design  and  construction  of  the  folding  carton  and  shipping 
container,  as  well  as  the  primary  package.  The  design  of  the  shipping 
container  has  a  bearing  on  the  irradiation  equipment  since  it  may  be 
desirable  to  irradiate  the  sealed  shipping  container  and  minimize  packaging 
and  handling  operations  after  irradiation.  A  shipping  container  rugged 
enough  to  withstand  rough  handling  may  be  too  dense  for  irradiation;  and 
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one  acceptable  from  an  irradiation  standpoint  may  be  too  weak  to 
withstand  rough  handling.  The  indications  are  that  packages,  either 
rigid,  semi-rigid,  or  flexible  should  be  assembled  in  small  units 
for  irradiation  and  three  or  four  units  assembled  in  the  final  shipping 
container  after  irradiation. 

Package  design  for  radiation -pasteurized  fishery  products  requires 
consideration  of  the  food  shape.  While  a  cylindrical  container  may  be 
used  for  items  such  as  crabmeat,  clam  meat  and  shrimp,  a  rectangular 
package  is  better  suited  for  flounder  and  haddock  fillets.  The 
rectangular  package  also  permits  compactness  for  greater  efficiency 
during  irradiation.  From  an  economic  point  of  view  the  flexible  plastic 
package  has  weight  and  volume  advantages. 

E.  Conclusions 

1.  Presently  known  package  engineering  can  provide  most  of 
the  functional  requirements  for  radiation-pasteurized  fishery 
products. 

2.  Possible  organoleptic  contributions  from  the  food  package  to  the 
fishery  products  will  require  further  study,  since  definitive 
data  are  not  available  at  the  estimated  radiation  dose  level  of 
approximately  500,000  rads. 

3.  The  use  of  refrigerated  temperatures  during  storage  of  radiation- 
pasteurized  fishery  products  should  tend  to  minimize  chemical 
interaction  between  the  package  and  the  food,  thus  mitigating 
some  of  the  undesirable  characteristics  of  packaging  materials 


-  57  - 


which  were  irradiated  and  stored  at  room  and  elevated  temperatures. 

4.  Exact  dimensions  of  the  three  general  classes  of  packages  can  not 

be  specified,  nor  the  most  economical  radiation  source  configurations 
detailed,  until  further  research  on  the  food-technology  aspects  of 
radiation-pasteurized  fish  have  been  evaluated.  Specifically, 
permissible  dose  variations  in  individual  food  containers  must  be 
established . 
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TOMATOES  175  (Mature  Green)  55-70 


E.  PRESENT  PRACTICES  IN  THE  MARKETING  OF  THE  SELECTED 
REFRIGERATED  FRUITS 

The  fruits  of  major  interest  in  this  survey  of  packaging 
requirements  for  refrigerated  radiation-pasteurized  foods 
are  grapes^  peaches,  strawberries,  tomatoes,  and  the  citrus 
fruits  --  oranges,  grapefruit,  lemons  and  tangerines. 

Table  13  lists  the  1960  annual  production  dollar  value, 
producing  state,  and  geographical  sales  of  the  eight  selected 
fruit  products. 

1.  Spoilage 

Food  spoilage  may  be  defined  as  any  unacceptable  change 
in  flavor,  appearance,  texture  or  nutritive  properties.  Various 
factors  cause  spoilage  of  fresh  fruits: 

a.  Microorganisms  such  as  mold,  yeast  and  bacteria. 

b.  Chemical  reactions  such  as  oxidation  which  result 
in  off-flavors. 

c.  Enzymatic  reactions  which  cause  discoloration. 

d.  Physical  damage  from  rough  handling  or  insect 
penetration  which  then  leads  to  fungi  spoilage. 

e.  Improper  storage  temperature  and  humidity. 

f.  Improper  packaging. 

Acceleration  of  the  life  process  and  the  growth  of 
spoilage  fungi  are  the  major  causes  of  deterioration  of 
fruit.  The  United  States  Department  of  Agriculture  has 
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estimated  the  loss  of  fruit  in  the  United  States  during 
marketing  at  11%  or  $249,000,  000  a  year. 

2 .  Preparation  for  packaging 

The  processing  steps  followed  when  preparing  fresh 
fruit  products  for  shipment  vary  with  the  commodity,  the 
retail  market  and  the  consumer.  The  processing  steps 
generally  performed  at  the  packing  plant  are  unloading, 
weighing,  cleaning.  Sorting,  grading,  packing  and 
reloading.  Additional  processing  steps  that  may  be 
employed  to  improve  the  storage  life  of  the  product  are: 

a.  Washing-“borax-treated  water  to  control 
growth  of  spoilage  fungi  on  citrus  products. 

b.  Prepackaging-- to  minimize  recontamination 
and  secondary  spoilage. 

c.  Refrigeration- -to  inhibit  mold  decay  and 
decrease  product  respiration  rate. 

d.  Application  of  chemical  inhibitors --paper 
wraps  treated  with  diphenyl  and  copper 
compounds  to  control  mold  decay  on  citrus  products. 

e.  Fumigation- -sulphur  dioxide  for  controlling  mold 
on  grapes. 

f.  Coating- -waxing  oranges  to  control  fungi  and 
moisture  loss. 
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3 .  Packaging 


Fresh  fruit  may  be  packaged  in  trays,  cartons,  cups, 
boxes,  baskets,  drums,  pails,  or  bags.  A  number  of 
different  types  of  containers  have  been  developed  for 
specific  uses.  Table  13  lists  some  of  the  major  commercial 
types.  Machines  have  been  developed  for  setting  up,  filling, 
overwrapping  and  sealing  containers. 

The  major  requirement  of  a  package  is  to  insure 
complete  protection  of  the  contents.  The  selection  of 
the  proper  material  for  each  product  packed  is  therefore 
essential . 

The  packer  considers  a  number  of  factors  when  selecting 
a  material  and  the  design  of  a  container.  Generally,  a 
package  is  selected  that  most  economically  meets  basic 
requirements  of  protection,  preservation,  convenience  and 
appeal.  Usually  the  important  factors  are  technical.  The 
materials  must  be  organoleptically  acceptable  and  non-toxic 
when  used  to  package  the  product.  Consideration  also  must 
be  given  to  moisture  loss,  grease  proofness,  tensile  strength, 
gas  permeability,  transparency,  light  transmission,  chemical 
inertness,  and  printability . 
a.  Odor 

Foreign  odors  may  be  imparted  to  the  contents  of  a 
package  in  several  different  ways.  The  packaging  material 
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may  have  an  odor  which  is  transmitted  to  the  contents.  A 
chemical  action  may  occur  between  the  contents  and  the 
packaging  material  to  alter  the  normal  odor.  Most  food 
packaging  materials  do  not  present  these  problems.  The 
problem  of  odors  in  packaging  is  usually  one  of  transmission 
through  loss  of  product  aroma  or  external  contamination. 

Odor  transmission  may  result  from  a  lack  of  material 
resistance  to  some  special  property  of  the  contents. 

Essential  oils  may  penetrate  the  packaging  material. 

External  chemicals  may  alter  the  odor  when  the  contents 
are  insufficiently  protected, 
b.  Bacterial  and  Insect  Attack 

Microorganisms  may  cause  damage  to  packaging  materials. 
Paper,  cellophane,  cardboard,  wood,  some  plastics,  and 
fabrics  are  subject  to  attack  by  microorganisms. 

Insects  may  cause  damage  to  packaging  materials.  They 
may  attack  the  packaging  material  to  reach  the  contents,  feed 
on  the  packaging  material  itself  or  the  animal  or  vegetable 
type  adhesive.  Textile  bags  offer  the  least  protection  against 
insects.  Paper  packages  offer  limited  resistance  to  some 
penetrating  species.  Plastic  films  are  an  effective  barrier 
against  non-penetrating  insects.  Polyethylene  is  more 
resistant  to  penetration  than  cellophane.  Resistance  depends 
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upon  material,  thickness,  and  lamination  to  other  materials. 
Laminated  aluminum  foil  offers  improved  protection  against 
insects,  but  is  not  insect  proof.  Some  insects  are  capable 
of  penetrating  50-pound  kraft,  laminated  aluminum  foil  or 
laminated  asphalt  paper.  Fibreboard  is  the  most  resistant 
to  insect  penetration  of  any  of  the  packaging  materials 
mentioned.  If  poorly  constructed  the  fibreboard  container 
usually  offers  little  protection  against  insect  invasion  at  the  seams, 
c .  Mechanical  Damage 

An  important  function  of  a  fruit  package  is  the  prevention 
of  product  damage  which  hastens  tissue  deterioration.  Post 
harvest  handling  subjects  fresh  fruits  to  a  variety  of  vibrations 
and  impacts.  Two  important  types  of  product  injury  are 
surface  abrasion  and  impact  bruises.  Abrasion  results  from 
fruit  rubbing  against  the  container,  conveyor  belts  or  each 
other.  Vibrations  are  transmitted  to  the  package  product 
during  transit.  Impact  bruises  occur  during  or  after  harvest 
when  fruit  is  dropped,  or  subjected  to  severe  transit  impacts. 

One  method  of  minimizing  transit  injury  is  to  pack  the  fruit 
tightly  within  the  container  to  prevent  movement.  Cold  fruits 
are  less  subject  to  vibration  injuries.  Warm  fruits  are  less 
subject  to  impact  bruises. 
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d.  Thermal  Conductance  of  Packages 

Some  fruits  are  packaged  prior  to  cooling.  The  thermo¬ 
conductivity  of  the  package  then  must  be  considered.  The 
cooling  method  may  determine  the  packaging  material . 

Packaged  fruits  hydro -cooled  with  water  requires  that  the 
packaging  material  must  withstand  soaking.  Ventilation  of 
the  container  is  necessary  to  increase  the  rate  of  heat  removal. 

e.  Permeability 

Fresh  fruits  require  a  packaging  material  that  should  be 
relatively  impermeable  to  water  vapor  and  moderately 
permeable  to  oxygen  and  carbon  dioxide.  The  atmosphere 
developed  within  the  package  of  fruit  depends  upon  the 
temperature,  the  permeability  of  the  material  and  the 
construction  of  the  package.  In  general,  an  oxygen  level  of 
approximately  2  to  5%  and  a  carbon  dioxide  level  of  15  to  20% 
will  decrease  the  respiration  rate  and  increase  the  storage 
life  of  the  refrigerated  product.  Each  variety  behaves  in  a 
different  manner  and  proper  modified  atmospheres  must  be 
determined.  Respiration  depletes  the  oxygen  and  increases 
the  carbon  dioxide  level  within  the  package .  Oxygen 
consumption  and  carbon  dioxide  production  are  balanced  by 
the  permeation  of  these  gases  through  the  packaging  material. 


-  65  - 


Table  13  compares  respiration  rates  of  several  fruits 
when  held  at  various  temperatures. 

f.  Plastic  Materials 

A  number  of  plastic  materials  is  available  which  offer 
physical  and  chemical  properties  required  for  proper 
packaging.  Three  types  of  plastic  containers,  rigid, 
semi-rigid  and  flexible  are  made.  They  may  be  made  of 
two  types  of  materials,  thermoplastics,  such  as  polyethylene 
and  thermosetting  plastics,  such  as  ureas,  and  phenolics. 

Polystyrene  is  used  in  the  manufacture  of  rigid  containers. 
Semi-rigid  containers  are  made  from  polyethylene  or  cellulosic 
thermoplastics  by  injection  molding,  filming,  or  drawing. 
Flexible  containers  or  plastic  film  bags  are  made  from  many 
different  plastics. 

g.  Paper  Materials 

Paper  containers  are  made  from  various  materials  in  a 
wide  variety  of  sizes  and  forms.  Some  are  resistant  to 
cold,  heat,  acid  or  alkaline  materials.  Paper  food  containers 
are  divided  into  two  classes,  namely,  light  duty  and  heavy 
duty.  Light  duty  containers  are  usually  made  of  three  pieces, 
a  body,  a  bottom,  and  a  cover.  Other  light  duty  containers 
may  be  made  of  one  piece  such  as  the  folding  carton.  Heavy 
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duty  containers  may  be  made  with  heavy  bodies  with  a 
single  or  double  wrap. 

Significant  changes  have  been  made  in  the  use  of 
fibreboard  shipping  containers  in  place  of  baskets , 
hampers  and  nailed  wooden  containers .  A  general 
reduction  in  size  of  shipping  container  has  occurred 
with  the  development  of  automatic  filling  and  consumer 
unit  packaging.  Oranges,  grapefruit  and  lemons,  are 
now  packaged  extensively  in  fibreboard  containers . 

Eastern  peaches  are  packed  in  fibreboard  boxes  instead 
of  bushel  baskets.  Fibreboard  boxes  having  one-half  the 
volume  of  the  old  standard  nailed  wooden  box  have  been 
adopted  in  California  and  Arizona  as  standard  shipping 
containers  for  bulk  oranges,  lemons  and  grapefruit, 
h.  Plastic  Liners  and  Mesh 

The  use  of  plastic  film  liners  inside  shipping  containers 
has  had  a  notable  effect  on  the  marketing  of  some  fresh 
fruits.  These  large  bags  were  originally  developed  for 
pears.  The  film  modifies  the  atmosphere  to  retard  respi¬ 
ration  and  prolong  the  storage  life.  Film  liners  are  of 
value  for  reducing  deterioration  due  to  loss  of  moisture. 

A  few  commodities,  such  as  oranges,  are  packed  in 
large  consumer  units  using  textile  or  plastic  mesh.  Textile 
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mesh  bags  have  been  used  for  many  years,  have  the 
advantage  of  low  cost  and  have  a  reasonable  tensile 
strength.  The  disadvantages  are  that  they  cannot  be 
made  waterproof,  and  are  subject  to  attack  by  fungi 
and  insects . 

4.  Prepackaging 

In  1954,  approximately  20%  of  the  fresh  fruits  and  vegetables 
marketed  were  prepackaged  before  delivery  to  retail  stores.  By 
1958,  prepackaging  had  increased  to  32%.  Additional  prepackaging 
is  done  at  the  retail  level  with  a  1960  total  now  estimated  at  approxi¬ 
mately  55%.  The  extent  of  prepackaging  varies  considerably  for 
the  different  products.  Some  are  not  adapted  to  prepackaging. 
Approximately  100%  of  the  strawberry  crop  marketed  fresh  is  now 
prepackaged.  It  is  estimated  that  65%  of  the  tomatoes  and  19%  of 
all  citrus  products  are  now  prepackaged.  Table  13  lists  the 
estimated  %  of  prepackaged  fruits. 

Fresh  fruit  may  be  packaged  in  consumer  units  at  the  shipping 
point,  the  terminal  market,  wholesale  market,  or  the  retail  store, 
depending  on  the  commodity  and  requirements.  Marketing  fresh 
fruits  in  a  prepackaged  consumer  unit  is  rapidly  displacing  the 
large  box  bulk  method.  Large  scale  prepackaging  of  fresh  fruit 
and  vegetables  began  in  retail  stores. 
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EXPERIMENTAL  PACKAGING  DATA 


69 


TANGERINES 


Specialized  prepackaging  firms  located  in  terminal  markets 
now  serve  the  retailers.  Prepackaging  is  rapidly  expanding  in 
the  producing  areas.  Lower  labor  costs  and  the  efficiency  that 
results  from  large  scale  operations  favor  packaging  at  the  growing 
or  shipping  point.  The  factors  which  have  influenced  the  trend 
toward  the  smaller  consumer  unit  containers  are: 

a.  Development  of  self-service  markets. 

b.  Increase  in  operating  efficiency. 

c.  Impulse  buying  and  appeal  of  the  package. 

d.  Increased  demand  for  convenience. 

e.  Reduction  of  spoilage  and  waste. 

f.  Decreased  transportation  costs. 

g.  Development  of  lower  cost  packaging  materials. 

h.  Development  of  new,  improved  packages. 

Table  14  presents  data  on  experimental  packaging  of  fruits. 
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EXPERIMENTAL  RADIATION  PASTEURIZATION  DATA  OF  THE  SELECTED  REFRIGERATED  FRUIT  PRODUCTS 
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STRAWBERRIES  &  color  at  doses  below  0. 5  M  rad. ,  Eukel  App.  Rad.  0.20 

molds  are  inhibited,  A  green  tip  ma-  Truelsen  Danish  AEC  0.35 

turity  is  best  for  irradiation. 


F.  EXPERIMENTAL  RADIATION  PASTEURIZATION  DATA  OF  THE 
SELECTED  REFRIGERATED  FRUITS 

A  major  interest  of  this  survey  is  the  combined  use  of  radiation 
processing,  refrigeration  and  proper  packaging  to  improve  the 
storage  life  of  fresh  fruits.  Table  15  is  a  compilation  of  experimental 
data  which  was  used  as  a  basis  for  estimating  process  requirements. 

1.  Radiation  Dose 

Experimental  radiation-pasteurization  work  on  fruits  has 
been  limited  to  those  products  that  can  withstand  doses  under 
one  megarad  without  visible  tissue  damage  or  loss  of  flavor. 

Most  fruits  and  vegetables  show  loss  of  appearance,  flavor 
and  texture  when  irradiated  above  this  level.  Inactivation 
of  spoilage  fungi  through  irradiation  increases  the  storage 
life  with  minimum  chemical  or  physical  change  of  the  tissues. 

The  work  reported  in  the  literature  indicates  that  there  is  an 
optimum  dose  level  between  that  which  extends  storage  life 
and  that  which  produces  undesirable  product  changes.  The 
actual  mechanisms  by  which  product  tissue  is  injured  in 
inactivation  of  spoilage  fungi  is  not  known.  Indications  are 
that  the  action  is  similar  at  the  cellular  level.  The  extension 
of  product  storage  life  without  tissue  injury  may  be  the  result 
of  partial  inactivation  of  microorganisms  when  subjected  to  a 
pasteurization  as  compared  to  a  sterilization  treatment.  The 
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effect  of  radiation  on  the  tissue  may  extend  the  latent  period  of 
spore  development  or  growth. 

2 .  General  Comments 

Major  causes  of  spoilage  in  citrus  fruits  are  attributed  to 
surface  contamination  by  the  Penicillium  molds ,  P .  digitatum 
and  P.  italicum.  Radiation  dosages  required  to  kill  mold 
spoilage  microorganisms  found  on  citrus  fruit  range  between 
100,000  and  2,000,000  rads.  A  10,000  rad  dose  is  required 
to  control  the  growth  of  yeast.  The  natural  color  of  the  citrus 
fruit  is  generally  unaltered  at  a  dose  level  of  100,000  rads. 

The  flavor  of  citrus  fruits  is  generally  unaffected  at  a  level 
of  200,000  rads.  Browning  is  evident  at  levels  above  275,000 
rads.  Rind  pitting  and  softening  of  texture  is  noted  at  doses 
above  300,000  rads. 

The  use  of  radiation  for  pasteurization  of  fresh  produce 
remains  an  experimental  tool  until  it  is  proved  safe,  feasible 
and  economical.  Fungi  sensitivity  to  radiation,  threshold 
levels  of  tissue  injury,  flavor  changes  and  product  packaging 
requirements  merit  additional  work.  Most  fruits  will  tolerate 
a  dose  of  200,000  to  300,000  rads  with  little  adverse  effect. 
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ESTIMATED  RADIATION  PASTEURIZATION  PROCESS  FOR  THE 
SELECTED  FRUIT  PRODUCTS 


TABLE  16 


G.  ESTIMATED  RADIATION  PASTEURIZATION  PROCESS  FOR  THE 
SELECTED  FRUIT  PRODUCTS 

Table  16  includes  the  probable  radiation  dose  that  may  be  used 
in  processing  the  selected  fruit  products. 

Short  summaries  of  the  radiation  requirements  follow: 

1.  Grapefruit 

No  noticeable  changes  were  observed  when  grapefruit 
was  irradiated  at  500,  000  rads.  (  346) 

2.  Lemons 

Irradiation  of  lemons  in  a  range  between  100,  000  and 
200,  000  rads  prevented  decay  by  P.  digitatum  without  injury 
for  12  days  at  75°F  and  17  days  at  55°F.  The  controls  showed 
decay  after  three  days  at  75°F.  Doses  required  to  kill  the 
fungi  resulted  in  skin  discoloration  and  softening  of  tissue. 

A  200,  000  rad  dosage  is  considered  optimum  for  mold  control 
and  minimum  radiation  injury,  (  34,  35,  346) 

3.  Oranges 

Irradiation  of  navel  oranges  in  a  range  between  100,  000 
and  200,  000  rads  prevented  decay  by  P.  digitatum  without 
injury  for  20  days  at  75  F  and  65  days  at  41*^F.  The  controls 
showed  decay  after  four  days  at  75°F.  Doses  required  to  kill 
the  fungi  resulted  in  skin  discoloration  and  loss  of  texture. 

A  200,  000  rad  dosage  is  considered  optimum  for  mold  control 
and  minimum  radiation  injury.  (  34,  35,  346) 
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4.  Tangerines 

No  data  on  the  irradiation  of  tangerines  have  been  reported. 

5 .  Grapes 

Thompson  seedless  grapes  when  irradiated  to  200,000  rads 
were  considered  acceptable  after  4  weeks  storage  at  40°F .  The 
fruits  showed  a  loss  of  color  when  irradiated  at  300,000  rads. 

No  mold  or  off-flavor  was  noticeable  at  this  level.  Controls  were 
inedible  after  four  days  due  to  growth  of  fungi.  Research  studies 
on  control  of  Botrytis  cinerea  mold  inoculated  in  Tokay  grapes 
and  treated  at  500,000  rads  show  no  adverse  effect  on  quality. 
Inoculated  grapes  did  not  show  rot  development  for  ten  days 
while  controls  were  spoiled  in  four  days  when  stored  at  75°F. 

A  200,000  rad  dosage  is  considered  optimum  for  mold  control 
and  minimum  radiation  injury.  (  37,  315,  346) 

6 .  Peaches 

Irradiation  of  Elberta  peaches  in  a  range  between  200,000 
and  250,000  rads  prevented  decay  by  Rhizopus  nigricians  and 
Monilina  for  30  days  at  70°F.  Controls  showed  decay  after 
10  days  at  70°F.  Doses  required  to  kill  the  fungi  resulted 
in  skin  discoloration,  flavor  changes  and  loss  of  texture.  A 
250,000  rad  dosage  is  considered  optimum  for  mold  control 
and  minimum  radiation  injury.  (  32,  35,  246,  316,  346) 

7 .  Strawberries 

Irradiation  of  strawberries  in  a  range  between  100,000 

and  300,000  rads  prevented  decay  by  R.stolonifer  for  40  days 
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at  40°F .  Controls  showed  decay  after  2  days  at  40°F.  Doses 
required  to  destroy  the  fungi  resulted  in  loss  of  flavor,  texture 
and  color.  A  250,000  rad  dosage  is  considered  optimum  for 
mold  control  and  minimum  radiation  injury.  (  37,  52,  111,  247, 
316,  317,  390  ) 

8.  Tomatoes 

Irradiation  of  pink  tomatoes  in  a  range  between  100,000  and 
300,000  rads  prevented  decay  by  common  mold  for  39  days  at 

O  Q 

70  F.  Controls  showed  decay  after  10  days  at  70  F.  Doses 
required  to  destroy  the  fungi  resulted  in  loss  of  flavor  and 
texture.  A  300,000  rad  dosage  is  considered  optimum  for  mold 
control  and  minimum  radiation  injury.  (  35,  316,  317) 
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A  GUIDE  TO  THE  APPLICABILITY  OF  FOOD  PACKAGE  TYPES  FOR  SELECTED  RADIATION  PASTEURIZED  FRUITS 
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Organoleptic  contribution  from  package  may  be  minimal 
problem,  however,  definitive  information  is  not 
presently  available. 


A  GUIDE  TO  THE  APPLICABILITY  OF  FOOD  PACKAGE  TYPES  FOR  SELECTED  RADIATION  PASTEURIZED  FRUITS 


79 


A  GUIDE  TO  THE  APPLICABILITY  OF  FOOD  PACKAGE  TYPES 
TO  THE  SELECTED  REFRIGERATED,  RADIATION  PASTEURIZED 
FRUIT  PRODUCTS 

In  Tables  17  and  17a,  the  container  requirements  are  compared 
with  package  types  which  have  achieved  high  volume  usage  in 
packaging  of  foods  similar  in  packaging  requirements  to  the  fruit 
products  selected  for  study  in  the  AEC  program.  The  estimates 
of  performance  for  the  package  types  reflect  the  information 
reviewed  on  Part  I,  the  previous  sections  of  Part  II,  and  the  past 
experience  of  Continental  Can  Company  in  furnishing  packages  to 
the  food  processing  industry  .  In  most  package  type  categories  a 
variety  of  specific  materials  are  available  which  will  likely  perform 

adequately. 

Definitive  material  costs  and  non-technical  aspects  of  food 
packaging  are  not  within  the  scope  of  this  study . 

The  major  problem  of  packaging  radiation-pasteurized  fruits  is 
to  provide  for  product  respiration  requirements.  The  perforated 
plastic  film  packages  presently  being  used  are  not  considered  ideal 
for  irradiated  products  because  of  possible  recontamination  by  fungi. 
The  package  requirements  must  also  consider  storage  of  the  fruit 
for  several  weeks  at  refrigeration  temperatures  followed  by  extended 
transport  before  marketing. 

The  characteristics  of  a  satisfactory  package  for  radiation- 
pasteurized  fruits  are  that  it  will: 


1.  protect  the  product  from  physical  damage. 

2 .  provide  good  sealing  properties  . 

3.  permit  efficient  packaging . 

4.  permit  good  thermal  conductivity. 

5.  prevent  product  moisture  loss  and  fogging. 

6.  maintain  a  proper  modified  atmosphere. 

7  .  be  unaffected  by  ice  or  chill. 

8.  prevent  microbiological  recontamination. 

9.  prevent  insect  infestation. 

For  those  fruit  products  which  would  be  packaged  in  consumer 
size  units  prior  to  irradiation  and  subsequently  contained  in  a 
multiple  packed  shipping  container,  the  packaging  materials 
(particularly  plastic  and  paper)  which  are  presently  used  should 
satisfy  most  of  the  functional  requirements  unless  recontamination 
of  the  fruit  after  packaging  is  found  to  be  of  sufficient  importance 
that  perforations  in  the  packaging  material  could  not  be  permitted. 
Some  fruits  may  be  irradiated  immediately  prior  to  the  time  that 
they  are  packaged  for  shipment.  In  this  case,  presently  established 
package  engineering  concepts  should  be  adequate. 

It  has  been  suggested  that  surface  irradiation  of  citrus,  peaches 
and  tomatoes  would  be  a  possible  method  of  reducing  the  fungus 
population  on  the  skin  of  the  fruit  to  extend  the  refrigerated  shelf 
life  of  the  product  (116).  The  use  of  this  technique  for  fruits 
packaged  prior  to  irradiation  would  require  extensive  investigation 
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of  the  package  design  and  appropriate  thickness  of  packaging  materials. 
It  is  expected  that  the  physical  and  chemical  properties  of  the  packaging 
materials  would  not  be  appreciably  affected  in  such  an  arrangement. 

It  is  not  presently  possible  to  establish  exact  dimensions  of 
packages  for  any  of  the  fruits  which  would  be  packaged  prior  to  irradi¬ 
ation  since  the  permissible  dose  variation  within  a  package  unit  and 
with  the  individual  fruit,  as  well  as  the  most  economical  source 
configuration,  has  not  been  determined. 

Conclusions 

1.  Presently  known  package  engineering  can  provide  most  of  the 
functional  requirements  for  radiation-pasteurized  fruits.  However, 
new  materials  and  new  package  designs  should  be  evaluated  for 
applicability  as  they  become  available  commercially. 

2.  Controlled  respiration  is  a  major  problem  in  the  design  of 
packages  for  unirradiated  fresh  fruit,  and  will  also  be  a 
problem  for  radiation-pasteurized  fruit. 

3.  If  recontamination  of  fruit  after  radiation-pasteurization  is  found 
to  be  a  serious  problem,  major  design  and  material  modifications 
may  be  required. 

4.  If  irradiation  is  performed  prior  to  packaging,  controlled  sanitary 
conditions  must  be  employed. 

5.  Organoleptic  contribution  from  the  package  material  to  the  fruits 
probably  will  be  minimized  by  the  ventilation  necessary  for 
proper  packaging,  the  probable  radiation  dose  range  from 
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0.  25  megarad  to  0.  5  megarad  for  fruits,  and  the  natural 
protective  surface  of  the  fruits. 

6.  Presently  available  data  on  radiation-pasteurization  of  fruits 
are  insufficient  to  specify  exact  geometric  package  design. 
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PART  III 


PART  III 


SUMMARY  OF  ADDITIONAL  INFORMATION  NECESSARY  FOR 
OPTIMIZATION  OF  PACKAGING  FOR  THE  SELECTED  RADI¬ 
ATION  PASTEURIZED  FOODS 

It  h^s  been  reported  that  the  following  information  necessary 
for  optimization  of  packaging  is  within  the  scope  of  contracts 
which  have  been  initiated  by  the  AEC: 

1 .  Dose  Distribution  in  Food  Package 

Permissible  variation  of  radiation  dose  in  individual  food 
containers  for  each  food  item.  This  variation  directly 
affects  the  geometric  shape  of  the  food  package . 

2 .  Recontamination  of  Packaged  Fruit  Products 

The  significance  of  possible  recontamination  of  fruit  products 
after  irradiation  in  subsequent  storage,  shipping,  and  handling. 

3 .  Packing  Environment  for  Fishery  Products 

The  relative  merits  of  vacuum  packing  and  air  packing  of 
fishery  products . 

In  addition  to  the  aforementioned  work  undertaken  in  present 
AEC  contracts,  the  following  information  is  deemed  necessary  for 
demonstrating  commercial  feasibility  of  radiation-pasteurization  of 
foods  and  for  optimization  of  packaging  for  the  selected  food  items: 

4 .  Extractives 

In  addition  to  an  assurance  that  packaging  materials  will  retain 

desirable  physical  and  chemical  properties  following  their 

irradiation,  it  is  essential  that  the  potential  migration  of 
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components  and  possible  degradation  products  from  packaging 
materials  into  foods  be  carefully  evaluated. 

The  necessity  of  obtaining  clearance  for  this  new  use  of 
packaging  materials  was  established  by  the  Food  and  Drug 
Administration,  Department  of  Health,  Education,  and  Welfare 
at  a  joint  meeting  with  AEG  and  Continental  Can  Company 
personnel  on  April  25,1962. 

The  initial  step  in  securing  information  for  an  appropriate 
regulation  permitting  the  use  of  irradiated  packaging  materials 
is  to  perform  extractive  studies  of  approved  packaging  materials. 

Detailed  testing  procedures  are  presented  in  section  B.  of 
this  part  of  the  report. 

5.  Effect  of  Irradiation  on  Colorants  used  in  conjunction  with  food 
packaging  materials 

A  limited  amount  of  data  are  available  on  the  behavior  of 
colorants  in  food  irradiation  environments.  From  related 
experimental  information  significant  detrimental  changes  are 
unlikely  to  occur  at  radiation-pasteurization  dosage  levels; 
however,  during  the  AEC  sponsored  food-technology  investigations 
observations  of  any  significant  changes  in  colorant  behavior 
should  be  denoted  for  further  considerations. 
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6.  Organoleptic  Deficiencies  of  Polymeric  Materials 


86 


6 .  Organoleptic  Deficiencies  of  Polymeric  Materials 


Generally  speaking,  substances  contributing  to  off-odors 
and  in  some  cases  off-flavors  can  be  generated  by  the  action  of 
radiation  on  polymeric  materials  at  the  radiation -pasteurization 
level  (  1  megarad  or  less)  in  varying  amounts  depending  upon  the 
specific  composition  of  the  packaging  material.  The  amount  and 
nature  of  off-gases  generated  from  a  polymeric  material  in  a 
radiation  environment  can  vary  markedly  even  within  one  polymer 
type  depending  upon  the  manufacturing  method,  storage  history, 
and  types  of  additives  used  in  the  material.  One  of  the  most 
significant  factors  is  the  presence  of  oxygen  in  the  polymer  and 
the  environment.  It  is  quite  probable  that  many  polymers  which 
normally  cross-link  upon  irradiation  may  actually  degrade  or  go 
through  chain  scission  in  the  presence  of  oxygen.  The  terms 
degraded  or  cross-linked  used  in  classifying  polymers  refer  to  the 
dominate  process  since  both  are  actually  occurring  in  these  materials 
during  irradiation.  Much  of  the  experimental  work  in  evaluating  the 
effects  of  radiation  on  polymers  excluded  oxygen  since  it  can  provide 
a  complex  result  in  many  cases.  The  data  indicate  that  at  the 
1  megarad  or  less  dose  level  the  chemical  species  contributing  to 
organoleptic  deficiencies  is  a  dominant  concern. 

The  use  of  an  inert  gas  atmosphere  during  a  radiation  may  not  be 
economically  or  technically  justified.  Even  in  a  vacuum,  off-gases  are 
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produced.  There  is  only  a  shift  in  their  type  and  quantity  that  is 
experienced  in  excluding  oxygen.  Furthermore,  the  dose  rate  may 
play  a  role  which  has  not  been  thoroughly  investigated  in  this  usage 
of  polymeric  materials.  It  would  seem  reasonable  that  the  higher 
the  dose  rate,  the  smaller  would  be  the  effect  of  oxygen  since  its 
availability  to  the  polymer  molecule  depends  upon  its  diffusion  rate 
to  the  active  site. 

Since  irradiating  the  food  by  itself  can  lead  to  off -flavor  and 
off-odor,  isolation  of  those  off -flavor  and  off-odor  components 
which  are  due  entirely  to  the  packaging  material  is  difficult. 

In  Table  18  a  summary  of  organoleptic  factors  is  presented. 

(  38,  39,  118,  197,  389) 
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B .  RECOMMENDATIONS  FOR  NEEDED  PACKAGING  RESEARCH  AND 
TESTING 

To  encourage  commercial  exploitation  of  radiation-pasteurization 
of  the  ten  selected  food  items,  it  is  recommended  that  the  AEC  Division 
of  Isotopes  Development  undertake  the  following  additional  projects  in 
packaging  research: 

1 .  Extractives  Studies 

As  a  part  of  this  contract,  Continental  Can  Company  requested 
the  Food  and  Drug  Administration,  Department  of  Public  Health, 
Education,  and  Welfare  to  consider  the  requirements  for 
effectively  petitioning  the  agency  for.  an  appropriate  regulation 
to  permit  the  use  of  irradiated  packaging  materials  in  contact  with 
food.  The  initial  step  in  acquiring  information  for  an  appropriate 
regulation  is  to  perform  extractive  studies  of  approved  packaging 
materials  with  food  simulating  solvents  to  determine  if  there  is 
any  significant  change  in  the  extent  and  nature  of  extractives  using 
test  conditions  which  reflect  the  conditions  of  use  in  this  new  food 
processing  method  . 

It  was  the  opinion  of  the  FDA  that  the  following  test  conditions 
should  effectively  exaggerate  the  conditions  of  use: 

Radiation  Dose 

A  total  dose  of  1.0  megarad  should  be  used  for  a  screening  test 
and  any  material  that  fails  at  this  level  should  be  further  checked  at 
0.5  megarad.  A  dose  of  1.0  megarad  should  be  sufficient  exaggeration 


-  89  - 


of  the  practical  radiation  pasteurization  dosage  level  for  any  of 
the  products  under  consideration. 

Energy  of  Incident  Radiation 

The  energy  of  the  incident  radiation  used  in  the  testing  program 
should  not  exceed  2.2  Mev  for  gamma  rays  or  5  Mev  for  electron 
sources . 

Food  Simulating  Solvents 

Water  to  simulate  water  containing  food  products ,  heptane  for 
simulating  fat  containing  foods  ,  and  citric  acid  solution  (  pH-3.5) 
should  be  sufficient  to  include  the  food  products  in  the  AEG  program. 

Storage  Period 

Cells  containing  irradiated  packaging  materials  in  contact  with 
food -simulating  solvent  and  similarly  prepared  cells  containing 
unirradiated  packaging  materials  should  be  stored  for  six  weeks  in 
order  to  equal,  or  exaggerate,  the  anticipated  maximum  commercial 
storage  period. 

Storage  Temperature 

Sample  materials  in  the  irradiated  cell  should  be  maintained  at 
70°F  to  exaggerate  refrigerated  storage. 

Relative  Humidity 

Samples  should  be  stored  at  a  relative  humidity  of  75%  in  order  to 
minimize  water  vapor  transmission  through  the  flexible  barrier 
packaging  material  and  thus  be  more  consistent  with  the  transmission 
characteristics  at  the  anticipated  commercial  temperatures  of  30°F  to  40°F . 
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Packaging  Materials  Recommended  for  Study  of  Extractives 


In  initiating  this  testing  program  it  is  reasonable  to  consider 
those  materials  which  have  a  known  status  with  respect  to  toxi¬ 
cological  safety  when  used  in  contact  with  food. 

The  following  list  of  packaging  materials  is  recommended  for 
extractives  studies  for  radiation-pasteurized  foods: 

Cellulosic  Materials 
Cellophane,  plain 
Cellulose  acetate 
Glassine 
Waxes 

Paraffin- microcrystalline 
Polymers 

Polyolefin -Polyethylene 
Polystyrene 

Polyvinylidene  Copolymers  (e.g.Saran) 

Rubber  Hydrochloride 

Oleoresinous  enamel  -  "C"  enamel  comprising  drying  oil 
with  a  maleic  resin  ester,  and  zinc  oxide 

The  following  description  of  an  appropriate  extraction  cell  and 

an  estimated  cost  for  performing  this  type  of  study  is  presented  for 

the  use  of  the  AEC  in  budgeting  their  program  and  in  assisting  the 

contractor  selected  for  these  studies.  Thus,  this  is  not  a  proposal 

for  contract  work. 

Extraction  Cell 


None  of  the  conventional  extraction  cells  designed  to  simulate 
thermal  processing  and  storage  is  well  suited  to  the  study  of  the 
effects  of  radiation  on  a  packaging  material  in  contact  with  a  food- 
simulating  solvent.  These  cells  all  interpose  an  excessive  radiation 
absorption  barrier  between  the  radiation  source  and  the 
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packaging  material  and,  in  addition,  often  have  an  unfavorable 
ratio  of  volume  to  area.  Consequently,  some  five  years  ago. 
Continental  Can  Company  undertook  the  development  of  a  new 
type  of  cell  specifically  designed  for  irradiation  and  extractives 
studies . 

The  test  cell  is  designed  to  hold  two  7 -inch  squares  of  material 
in  contact  with  aerated,  deionized  distilled  water  in  a  structure 
suitable  for  irradiation  in  commercially  available  equipment  with 
either  electrons,  such  as  from  a  linear  accelerator  source,  or 
gamma  rays  from  a  radioactive  source  such  as  cobalt-60.  The 
assembly  and  details  of  the  cell  are  shown  in  Figure  2.  A  7-inch 
square  of  film  is  placed  on  each  side  of  the  pure  tin  spacer  and 
assembled  with  aluminum  side  frames  held  together  by  steel 
spring  clamps.  Buna  rubber  gaskets  between  the  films  and  side 
frames  provide  sufficient  cushion  to  seal  the  films  or  laminates 
to  the  tin  separator  and  to  give  a  leak-proof  container  for  holding 
distilled  water  or  other  liquid.  Removable,  dished,  aluminum 
wire  screens  held  in  place  by  tin  plate  clips  are  inserted  on  each 
side  to  prevent  the  flexible  film  from  bulging  when  the  container 
is  filled  with  water  during  handling,  transportation,  and  storage 
exposure.  At  the  same  time,  the  screens  are  not  a  barrier  to  the 
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normal  transmigration  of  air  and  water  across  the  film  being  tested. 

Exposure  to  electrons  is  carried  out  with  the  cell  in  a  horizontal 
position  and  the  top  screen  removed  to  prevent  interference  with  the 
passage  of  the  electrons  or  beta  rays  which  have  limited  penetration. 
The  more  penetrating  gamma  rays  do  not  require  removal  of  the 
screens,  and  this  exposure  may  be  performed  with  the  cell  in  either 
a  vertical  or  a  horizontal  position.  Two  holes  in  one  corner  of  the 
spacer  permit  venting  of  air  from  the  container  while  it  is  being 
filled  with  water;  these  holes  are  closed  with  tin  taper  pins  after 
filling . 

The  cell  dimensions  were  selected  so  that  6-inch  strips  of 
exposed  film  may  be  cut  for  mechanical  testing.  The  spacer 
thickness  of  1/4  -inch  gives  a  thin  enough  layer  of  water  to  provide 
adequate  penetration  by  beta  rays.  At  the  same  time  it  provides  a 
volume  area  ratio  (2.8  ml/sq  in.)  which  previous  work  on  can 
enamel  extractives  has  shown  to  give  accurate  results. 

Because  most  packaging  materials  are  extractable  only  to  the 
extent  of  a  few  hundredths  of  one  percent,  it  is  necessary  to  combine 
the  aqueous  extracts  from  4  cells  in  order  to  obtain  sufficient  material 
for  accurate  weighing  of  material  extracted  and  for  infrared  identi¬ 
fication  if  the  latter  is  required.  Infrared  identification  of  extractives 
is  performed  only  if  their  level  is  toxicologically  significant. 
Furthermore,  it  is  essential  that  these  micro  quantities  of  extract  be 
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uncontaminated  by  extraneous  material  from  the  cell  or  from 
radiation-catalyzed  products  originating  from  the  materials  of 
the  cell.  Consequently,  the  spacer  is  made  of  pure  tin  in  line 
with  previous  extractability  experience,  and  the  gaskets  are 
placed  outside  the  test  films.  When  samples  of  tin  plate  are 
subjected  to  irradiation,  it  will  be  necessary  to  use  inside 
gaskets  to  form  a  water-tight  seal.  By  then  the  results  of  tests 
on  plastic  materials  will  be  completed  and  these  will  guide  the 
selection  of  a  suitable  gasket. 

The  cell  proved  admirably  suited  for  its  intended  purpose 
since  it  has  the  following  features: 

a.  Packaging  materials  can  be  irradiated  in  contact  with  food- 
simulating  solvents  inside  the  package  and  with  air  outside . 

b.  Absorption  of  radiation  by  the  cell  is  almost  nil. 

c.  The  ratio  of  volume  to  area  permits  recovery  of  a  sufficient 
amount  of  extractives  for  determination  and  characterization 
since  each  cell  exposes  72  square  inches  of  packaging  material 
to  some  200  ml  of  food-simulating  solvent  or  2 . 8  ml/sq  in.  In 
practice,  four  such  cells  constitute  one  sample. 

d.  Contamination  of  the  food-simulating  solvent  by  the  cell  is 
negligible . 

e.  Organoleptic  changes  in  the  food -simulating  solvent  can  be 
evaluated. 
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f.  Off-gases  can  be  recovered. 

g.  From  the  same  experiment,  adequate  samples  of  packaging 
materials  are  obtained  for  physical  and  mechanical  testing. 

h.  Storage  of  cell  and  contents  during  a  post-irradiation  period 
closely  simulates  commercial  storage  in  that  the  outside  is 
exposed  to  the  atmosphere. 
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Estimated  Cost  of  Extractives  Studies 


The  following  estimates  are  based  upon  our  past  experience  with 
the  extractives  studies  similar  to  those  outlined: 


Cells  per  experimental  run  4 

Runs  per  sample  3 

Blanks  2 

Samples  per  week  1 

Weeks  per  sample  6 _ 

144 

at  $150  /  cell  $21,600 


Expense  Per  Sample  (  in  groups  of  6) 

Preparation  of  cells  ,  exposure  to 
radiation,  storage,  determination 
of  extractives,  infrared  identification 
when  level  of  extractives  is  toxicologi- 
cally  significant,  optical  and  mechanical 
measurements 

$1600  per  sample  9,600 

Preparation  of  Report  20,000 

(This  estimate  includes  the 
delivery  of  550  copies) 


2 .  Organoleptic  Aspects  of  Food  Packaging  Materials 


It  has  been  reported  by  the  Quartermaster  Food  and  Container 
Institute  that  laboratory  quantities  of  polyethylene  with  "anti-rad" 
additives  have  been  produced  and  are  currently  under  investigation. 
Preliminary  results  have  shown  an  improvement  in  off-odor 
development. 

It  is  recommended  that  the  investigation  of  the  use  of  "anti¬ 
rads"  be  extended  to  other  polymeric  materials  and  organoleptic 
screening  tests  of  logical  material  selections  should  be  performed 
in  conjunction  with  the  food  technology  investigations  now  in 
progress  under  AEG  contractural  agreements. 

3.  Merchandising  Aspects  of  Packaged  Radiation  Pasteurized 
Fishery  Products 

Because  the  introduction  of  a  product  preserved  by  a  new 
method  should  be  easily  and  distinctly  recognized  by  the  consumer 
as"different"  from  existing  forms  of  the  same  basic  product 
preserved  by  more  conventional  methods,  the  package  should 
provide  this  measure  of  "difference."  The  definition  of  what 
form  this"difference"  should  take  is  in  the  realm  of  merchandising 
and  can  best  be  determined  by  assaying  a  cross  section  of  final 
consumers.  This  assay  should  be  a  form  of  market  research 
aimed  at  determining  consumer  acceptance  of  different  approaches 
to  packaging  (  i.e.  fish  in  bulk,  in  rigid  metal  or  board  containers, 
in  flexible  pouches,  etc.). 
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4. 


A  Continuing  Program  of  Cooperation  with  the  Packaging  and 
Food  Industries 

A  substantial  portion  of  the  information  on  the  behavior  of 
packaging  materials  in  food  irradiation  environments  has  been 
developed  by  food  package  manufacturers .  An  effective  method 
of  achieving  optimization  of  packaging  for  radiation-pasteurized 
foods  is  to  enlist  the  technical  capabilities  of  food  package 
manufacturers . 

It  is  recommended  that  the  AEG  establish  a  working  committee 
on  packaging  radiation  processed  foods  with  the  following 
membership  and  objectives: 

a .  Membership 

Qualified  technical  representatives  from  rigid  food 
container,  flexible  food  container,  semi-rigid  food  container 
manufacturing  organizations,  fishery  products  investigators, 
fruit  products  investigators,  and  radiation  source  designers 
from  the  AEG  sponsored  program. 

b .  Objectives 

(1)  To  review  the  results  of  the  radiation-pasteurization 
food-technology  investigations  as  they  relate  to 
packaging. 

(2)  To  advise  the  radiation  source  designer  on  package 
design  considerations, 

(3)  To  establish  a  series  of  definitive  specifications  for 
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package  and  packaging  materials  for  radiation- 
pasteurized  foods. 

(4)  To  provide  liaison  with  package  manufacturers 
•  through  the  issuance  of  pertinent  information  as 
it  becomes  available. 

With  proper  administration,  this  working  committee  can 
enhance  the  rapidity  with  which  commercial  feasibility  is  achieved 
and  will  provide  the  basis  of  an  effective  competitive  situation  in 
the  packaging  industry  to  achieve  commercial  exploitation  of 
radiation -pasteurized  foods. 
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AEC 

alpha  particle 


anaerobic  bacteria 

anti-rad 

autolys is 

beta  particle 

blister 

board 

bond  strength 
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Glossary  of  Terms  and  Abbreviations 


Abbreviation  for  angstrom,  a  unit  of  length  often 
employed  in  specifying  wavelength.  An  angstrom 
is  equal  to  10"^*^  meter. 

Atomic  Energy  Commission 

One  of  the  particles  emitted  from  the  atomic  nuclei 
of  radioactive  substances  during  their  spontaneous 
disintegration.  It  is  the  same  as  the  nucleus  of  the 
predominate  helium  isotope  and  consists  of  two 
protons  and  two  neutrons.  Being  strongly  absorbed 
by  air,  alpha  particles  are  not  used  for  food 
irradiation. 

A  class  of  bacteria  which  grow  only  in  the  absence  of 
free  oxygen. 

An  added  substance  which  reduces  the  effect  of 
radiation  upon  organic  material. 

The  process  of  self -digestion  in  plant  and  animal 
tissues,  especially,  after  separation  from  the  parent 
organism  to  which  they  belong,  as  in  fruit  after 
picking  or  in  seafood  after  death. 

One  of  the  particles  emitted  from  the  atomic  nuclei 
of  some  radioactive  substances  during  their 
spontaneous  disintegration.  It  is  the  same  as  an 
electron. 

A  smal],  localized,  un-adhered  and  raised  area 
between  two  mating  surfaces  which  otherwise  are 
tightly  bonded  together. 

Paper  or  other  fibrous  substance  generally  6  mils 
or  thicker.  See  also  boxboard  and  paperboard. 

Also  known  as  peel  seal  strength.  A  measure  of 
the  force  required  to  separate  two  bonded  faces,  the 
pull  being  applied  in  a  straight  line  at  a  specified 
rate  such  as  12  in.  /min.  There  are  numerous 
units  of  bond  strength  such  as  grams /inch  of  width 
and  pounds /inch  of  width. 
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boxboard 


brightness 


bursting  st  rength 


ccc 

CD 

C-enamel 


clarity 


CMD 


color  difference 


cross-linking 


Paper  or  other  fibrous  substance  of  sufficient  thickness 
and  strength  so  that  it  can  be  used  in  the  manufacture 
of  boxes. 

The  directional  reflectance  of  blue  light  (wavelength 
about  4600  angstroms)  as  measured  under  standard 
conditions  on  a  reflectometer.  See  A  STM  Method 
D-985-50. 

The  pressure,  often  expressed  in  pounds  per  square 
inch,  required  to  rupture  a  sample  of  paper,  flexible 
plastic  sheet,  etc.,  under  specified  test  conditions. 

It  is  largely  determined  by  the  tensile  strength  and 
extensibility  of  the  specimen.  The  bursting  strength 
is  an  important  measure  of  the  strength  of  packaging 
materials. 

Continental  Can  Company,  Inc. 

Cross  direction.  See  CMD. 

An  oleoresinous  enamel  containing  zinc  oxide  employed 
on  the  inside  of  tin-plate  cans  used  to  package  sulfur- 
containing  food.  It  avoids  discoloration  due  to  dark 
tin  and  iron  sulfide  formation.  Also  called  "corn 
enamel.  " 

A  qualitative  term  referring  to  the  absence  of  haze  in 
a  transparent  sample.  See  haze. 

Cross  machine  direction;  also  called  transverse,  TD 
and  CE.  The  direction  at  right  angles  to  the  direction 
of  motion  in  the  plane  of  a  web  of  packaging  material 
such  as  paper  or  plastic. 

The  result  of  measuring  small  differences  between 
surface  colors  by  means  of  meters  such  as  those 
produced  by  Gardner  and  Hunter.  These  color 
differences  correlate  reasonably  well  with  visual 
judgments.  See  ASTM  Method  D  1365-60T. 

The  joining  of  adjacent  long-chain  molecules  to  form 
an  inter-connected  network. 


CTC 


Chlortetracycline,  an  anti-biotic  used  to  retard  food 
spoilage. 


CTFE 

dose 

electron 

electron  accelerator 

elongation 

elongation  at  break 
extractability 

FB 

FDA 

fillet 

fold  endurance 
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Chlorotrifluoroethylene.  Asa  polymer  is  used  in 
food  packaging  in  the  form  of  thin  films  or  coatings. 

The  energy  per  unit  of  mass  absorbed  by  a  substance 
subjected  to  ionizing  radiation.  The  generally  accepted 
unit  of  dose  in  the  rad.  A  substance  receives  a  dose 
of  one  rad  when  each  gram  absorbs  100  ergs.  A 
megarad  is  one  million  rads.  The  rad  is  more  fre¬ 
quently  used  than  an  earlier  unit  called  the  rep. 

A  fundamental  particle  of  matter  with  a  rest  mass  of 
9.11:10  kilograms  and  a  charge  of  1.60:10 
coulombs.  A  beam  of  high  speed  electrons,  produced 
by  an  accelerator,  is  a  common  form  of  ionizing 
radiation  usefvil  in  pasteurizing  foods. 

A  device  which  produces  a  beam  of  high-speed  electrons. 
Food  may  be  pasteurized  or  sterilized  with  an  electron 
accelerator  of  which  there  are  several  kinds,  such  as, 
resonant  transformer,  Van  de  Graaff  generator,  linear 
accelerator,  etc. 

The  amount  of  strength  to  which  a  material  is  subjected, 
generally  expressed  as  the  percent  increase  in  length 
of  a  specimen  under  tension. 

The  percent  elongation  at  which  a  sample  ruptures. 

The  migration  of  the  components  of  a  packaging 
material  into  a  solvent  or  solution  with  which  the 
packaging  material  is  in  contact,  usually  expressed 
as  mg/sq  in.  of  packaging  material,  ppm  in  the 
extracting  solution,  or  percentage  extractability  of  the 
packaging  material. 

Fibreboard. 

Food  and  Drug  Administration  of  the  United  States 
Department  of  Health,  Education  and  Welfare. 

A  piece  of  boneless  flesh  cut  away  from  the  side  of  a 
fish  along  the  backbone  behind  the  pectoral  fin  to  the 
tail  section. 

The  number  of  folds  under  specified  test  conditions 
required  to  cause  a  sample  of  flexible  packaging 
material  to  fail.  Also  known  as  folding  endurance. 


flexural  strength 

flint  glass 

foil 

gamma  radiation 

gas  permeability 
Gelbo  test 
glassine  paper 

greaseproof  paper 

haze 

heat  seal  response 
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The  maximum  stress  at  the  moment  of  crack  or  break 
in  the  outer  fiber  of  a  specified  beam  of  homogeneous, 
elastic  material,  tested  in  flexure  as  a  simple  beam 
supported  at  both  ends  and  loaded  at  the  midpoint. 

The  maximum  stress  in  the  outer  fiber  occurs  at 
midspan.  See  ASTM  Method  D790-59T. 

A  common  term  for  clear,  colorless  container  glass 
used  for  jars,  bottles,  etc. 

As  used  in  this  report,  foil  refers  to  a  thin  sheet  of 
aluminum  or  its  alloys  0.  0045  inch  or  less  in  thickness. 
The  foil  in  laminations  is  frequently  about  0.  00035  inch 
thick. 

Electromagnetic  radiation  emitted  from  the  nuclei  of 
many  radioactive  atoms.  Gamma  radiation  from 
cobalt-60,  spent  fuel  elements,  Cs-137  and  other 
radioactive  sources  may  be  used  to  pasteurize  and 
sterilize  food  products. 

See  permeability. 

See  MVT  Gelbo  Flex. 

A  smooth,  dense  paper  made  from  well-hydrated 
fibers  and  frequently  supercalendered.  It  is  more 
glossy  and  more  resistant  to  grease,  oil  and  fat 
than  "greaseproof"  paper.  Generally  it  is 
transparent  or  semi-transparent. 

Paper  made  from  well -hydrated  fibers  and  rendered 
resistant  to  grease,  fat  and  oil  by  special  papermaking 
processes.  Also  known  as  grease -resistant  paper. 

"That  percentage  of  transmitted  light  which,  in  passing 
through  the  specimen,  deviates  from  the  incident 
beam  in  forward  scattering  by  more  than  2.5°  on  the 
average.  The  method  is  not  intended  for  use  when  haze 
is  greater  than  30%".  See  ASTM  Method  D-1003-49, 
and  also  A.  C.  Webber  J.  Op.  Soc.  Am.,  47,785  (1957). 

Also  known  as  heat  seal  rating  and  heat  seal  curve.  The 
bond  strength  is  determined  as  a  function  of  temperature, 
jaw  pressure  and  dwell  time  to  simulate  conditions  on  an 
actual  closing  machine.  The  pressure  is  typically  20-40 
psi,  the  dwell  time  1/4  to  1  sec  and  the  temperature 
varied  by  125-150°F  over  a  range  suitable  to  the 
particular  system  involved. 
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HS  coated 


Coated  so  as  to  be  heat-sealable. 


impact  strength 

ion 

ionization 
ionizing  radiation 

kraft 

liner 


lipid 

MD 


megarad 

Mev  or  MEV 

MG 

MID 


Resistance  of  a  material  to  impact,  frequently 
measured  by  the  use  of  a  falling  ball  or  a  pendulum 
striking  the  sample  under  carefully  specified  conditions. 

An  atomic  particle,  atom,  molecular  or  radical  bearing 
an  electric  charge,  either  positive  or  negative. 

Any  process  which  resiolts  in  the  formation  of  ions. 

Any  particle  or  electromagnetic  radiation  which  causes 
ionization,  including  high-speed  electrons,  protons, 
gamma  rays,  x-rays,  alpha -particles,  etc. 

A  strong  paper  or  board  made  by  the  sulfate  process 
and  widely  used  in  packaging.  Kraft  is  the  German 
word  for  "strength.  " 

The  term  liner  is  used  in  many  different  contexts  to 
designate  one  ply  of  a  multi-ply  material.  Frequently, 
the  liner  is  of  superior  quality  and  is  the  material 
in  contact  with  the  packaged  product. 

A  class  of  fatlike  compounds  related  to  the  fatty  acid 
esters. 

Machine  direction;  also  called  longitudinal.  The 
direction  of  motion  of  a  web  of  packaging  material 
such  as  paper  or  plastic. 

Also  written  M  rad.  A  radiation  dose  equal  to  one 
million  rads. 

Million  electron  volts.  A  unit  of  energy  equal  to  that 
acquired  by  an  electron  when  it  is  accelerated  through 
a  potential  difference  of  one  million  volts. 

Mature  green. 

Meat  Inspection  Division  of  the  U.  S.  Department  of 
Agriculture. 


MIT 


Massachusetts  Institute  of  Technology. 
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MLD  or  LD  50 


modiolus 


MP 

MVT 


MVT  Gelbo  Flex 


MW 

neutron 


NG 

nucleus 


Median  lethal  dose.  The  radiation  dose  required  to 
kill  50%  of  the  individuals  in  a  large  group  of  organisms 
or  animals  within  a  specified  period  of  time.  It  is 
important  to  know  the  MLD  of  organisms  injurious  to 
food  when  specifying  the  details  of  a  pasteurization 
or  Sterilization  process. 

The  ratio  of  the  stress  to  the  strain  in  elastic 
deformation. 

1.  Melting  point.  2,  Moisture-proof. 

Moisture  vapor  transmission.  A  measure  of  the  quality 
of  flexible  packaging  materials,  often  rated  in  units  of 
grams  of  water  vapor  diffusing  through  an  area  of  100 
square  inches  in  24  hours  at  lOOF  for  a  sample  one  mil 
thick,  90%  relative  humidity  on  one  side  and  0%  relative 
humidity  on  the  other.  Other  values  of  relative 
humidity  may  be  specified.  Also  known  as  WVT. 

A  tube  of  the  plastic  film  under  test  is  made  by  heat 
sealing  two  edges  of  a  plane  sheet.  One  end  of  the 
tube  is  held  fixed  while  the  other  is  twisted  thru  a 
specified  angle  for  several  cycles.  The  MVT  increases 
with  number  of  cycles.  The  Gelbo  test  was  developed 
by  the  Air  Force  to  simulate  rough  handling  of  bags 
enclosing  aircraft  engines.  Test  results  may  also 
correlate  with  rough  handling  of  other  products  and 
package  designs  but  this  has  not  yet  been  fully 
established.  See  Military  Barrier  Specification 
MIL-B-131B. 

molecular  weight. 

A  fundamental  particle  of  matter  having  no  net  electric 
charge  and  a  mass  approximately  equal  to  the  mass  of 
a  proton  1.  67  •lO'^'^gram.  Neutrons  are  not  used  in 
food  irradiation. 

Not  given. 

The  center  of  core  part  of  an  atom,  consisting  chiefly 
of  protons  and  neutrons.  The  electric  charge  of  a 
nucleus  is  always  positive.  Plural:  nuclei. 

Pertaining  to  the  senses,  particularly  those  of  smell 
and  taste. 


organoleptic 
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paperboard 


Board  of  paper  or  other  fibrous  material  generally 
at  least  12  mils  thick.  See  also  board  and  boxboard. 


parchment 


pasteurization 

radiation 


PE 

peel  seal 


peel  strength 
penetration 


permeability 


pin  blister 

psychrophilic 

bacteria 


pulp 


Originally  a  sheet  of  animal  skin  suitable  for  writing. 
Now  the  term  vegetable  parchment  is  used  either  for 
a  grease -resistant  sulfite  paper  used  for  greeting 
cards  or  for  a  paper  specially  treated  to  resist  water, 
salt  solutions,  etc.  ,  as  well  as  grease,  fats  and  oils. 
Certain  forms  of  parchment  are  widely  used  for 
wrapping  butter,  cooking  vegetables,  etc. 

As  used  in  this  report,  pasteurization  is  a  shelf -life 
extension  radiation  process  in  which  the  total  dose  is 
one  megarad  or  less.  This  process  checks  or  delays 
microbial  decomposition  of  food  and  other  substances. 
Pasteurization  destroys  some  of  the  contained  micro¬ 
organisms. 

Polyethylene. 

An  easy-opening  package  incorporating  a  non-fused 
seal.  Each  component  of  the  seal  is  relatively  clean 
after  separation. 

See  bond  strength. 

The  rate  at  which  ink,  water,  etc.  ,  penetrates  into  a 
sheet  of  board,  paper,  plastic,  etc.  ,  as  determined 
by  various  standardized  tests. 

A  measure  of  the  rate  of  transport  of  a  fluid,  such  as 
water  or  oxygen,  through  a  film  of  flexible  packaging 
material.  A  unit  often  used  for  gas  permeability 
is  ml  per  100  square  inches  per  24  hours  for  a  pressure 
gradient  of  one  atmosphere  across  a  sample  one  mil 
thick,  at  a  specified  temperature. 

A  very  small  blister. 

A  class  of  bacteria  which  thrive  at  low  temperatures, 
principally  below  20C. 

A  mixture  of  celliilose-type  fibers,  fillers,  etc.  ,  ground 
and  suspended  in  water.  The  word  pulp  is  also  used 
for  a  dry,  in-process  material  of  similar  composition. 


QMC 

rad 

radiation 

rep 

resin 

RHC 

SC 

seal  strength 

size 

spent  fuel  elements 


sterilization, 

radiation 

stiffness 
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The  Quartermaster  Corps  of  the  United  States  Army. 

A  unit  of  radiation  dose  equal  to  the  absorption  of  100 
ergs  by  each  gram  of  the  substance,  A  megarad  is  one 
million  rads.  See  dose. 

As  used  in  this  report,  radiation  is  a  stream  of  x-rays, 
gamma  rays,  electrons  or  beta  rays  which,  falling  on 
food  in  a  controlled  process,  enhances  its  keeping 
quality. 

Roentgen-equivalent -physical.  See  dose  and  rad. 

A  class  of  natural  or  synthetic  polymer. 

Rubber  hydrochloride. 

Sealing  compound, 

A  measure  of  the  strength  of  the  seal  between  two 
plastic  surfaces,  frequently  expressed  in  units  of 
grams  per  inch  of  width  required  to  separate  them. 

Resin,  alum,  starch  and  similar  materials  added  to 
pulp  or  applied  to  the  surface  of  paper  and  board  in 
order  to  provide  special  functional  characteristics, 
such  as  water-repellancy,  printability,  grease 
resistance, etc. 

Fissionable  material  removed  from  an  atomic  reactor 
after  reaching  the  end  of  its  economic  life.  While  no 
longer  suitable  for  reactor  use,  a  spent  fuel  element 
may  still  be  employed  as  a  source  of  radiation  for 
food  irradiation.  The  average  energy  of  the  radiation 
is  about  0.  8  Mev. 

Sterilization  means  the  freeing  of  any  object  or  substance 
from  all  life  of  any  kind.  There  is  no  distinction  as  to 
the  kinds  of  microorganisms  destroyed,  whether  pathogenic 
or  non-pathogenic,  whether  vegetative  or  spore  forms. 
Sterilization  by  radiation  usually  requires  a  dose  between 
3  and  6  megarad. 

Resistance  to  bending.  The  stiffness  of  a  sample  depends 
upon  its  dimensions  and  the  Young's  modulus  of  the 
material  of  which  the  sample  is  made.  In  describing 
paper  stiffness  may  be  defined  to  depend  also  upon  the 
basis  weight  (  weight  per  unit  area). 


stress-flex  test 

sulfate  paper 

stilfite  paper 

TAPPI 

TD 

tear  strength 

tensile  strength 

thermoplastic 

thermosetting 

TMA 

TMN 

transparency  ratio 

USDA 

USDI 
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A  durability  test  for  cellophane  in  which  rubber  clamps 
on  the  long  edges  of  a  4”  x  7"  sample  are  oscillated  in 
opposite  directions  parallel  to  the  long  edges  at  a 
rate  of  76  times  per  minute.  The  number  of  strokes 
to  failure  is  indicated  on  a  counter.  See  reference  338. 

Paper  prepared  by  cooking  wood  in  a  solution  of  sodium 
hydroxide  and  sodium  sulfide.  The  cook  is  generally 
less  severe  than  in  the  sulfite  process  and  it  produces 
a  stronger  pulp.  See  kraft. 

Paper  prepared  by  cooking  wood  under  pressure  in  a 
solution  of  calcium,  magnesium  or  other  acid  sulfites. 
Stilfite  papers  are  used  for  writing,  books  and  some 
high-quality  containers. 

Technical  Association  of  the  Pulp  and  Paper  Industry. 

Transverse  direction;  also  called  CMD  and  CD. 

The  resistance  of  a  material  to  tearing  as  measured 
under  specified  conditions  such  as  in  an  Elmendorf 
tear  tester. 

The  maximum  stress  which  a  sample  can  sustain  under 
tension  without  failing,  often  stated  in  units  of  pounds 
per  square  inch  or  dynes  per  square  centimeter. 

A  thermoplastic  polymer  softens  on  heating.  Examples 
are  polyethylene,  nylon  and  cellulose  acetate. 

A  thermosetting  material  reacts  on  heating  to  form  an 
insoluble,  infusible  polymer.  Examples  are  phenolics, 
styrene  and  urea-formaldehyde. 

Trimethyl  amine. 

Trimethyl  amine  nitrogen.  The  TMA  content  reported 
in  terms  of  the  nitrogen  present. 

Same  as  transmittance.  The  fraction  of  light  transmitted 
by  a  plane  sample  in  a  direction  prependicular  to  the 
surface. 

United  States  Department  of  Agriculture. 

United  States  Department  of  the  Interior. 
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Van  de  Graaff 
generator 

WVT 

X-rays 


An  electrostatic  generator  that  employs  a  moving, 
nonconducting  belt  to  carry  electrical  charges  to  the 
interior  of  a  hollow  conductor,  such  as  a  hollow 
sphere.  There  the  charges  are  surrendered  to  the 
conductor.  A  Van  de  Graaff  generator  may  delivery 
up  to  3  million  volts. 

Water  vapor  transmission.  See  MVT. 

Electromagnetic  radiation  of  wavelength  roughly 
between  0.1  and  100  angstroms  produced  when  high 
speed  electrons  strike  any  material.  X-rays  easily 
penetrate  most  substances.  In  nuclear  reactions  it 
is  customary  to  refer  to  photons  originating  in  the 
nucleus  as  gamma  rays  and  to  those  of  short  wave¬ 
length  originating  in  the  extranuclear  part  of  the 
atom  as  x-rays. 
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